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Secretary's Report
MINUTES OF THE SIXTY-SEVENTH ANNUAL MEETING
EXPENSES:

FIRST BUSINESS MEETING

1.

Robbin Anderson, President, opened the meeting and recognized
David Chittenden who presented the minutes of the 66th annual
ing as printed in the Proceedings.

Ir.

President Anderson recognized Dr.Robert Wright, chairman of the
Department of Biology at the University ofCentral Arkansas and local
arrangements chairman, who welcomed the Academy and made
announcements.

Dr. Anderson recognized Dr. Arthur Johnson,
presented the following Treasurer's Report.

Treasurer,

March 24,

1982

—

Robert T. Kirkwood
Historian

1-2 APRIL 1983

to March 10,

1983

PROCEEDINGS, Publication and Distribution
G. Heidt, Travel(588)
b. Phillips Lltho Co., Pymnt 1(103)
c. Jones Truck Lines, Mailing(104)
d. ASU, Editor Lttrhd(105)
e. Phillips Lltho Co., Pymnt 2(108)
f. Phillips Lltho Co., Pymnt 3(110)
g. Mary Ann McDanlel, Edit. Assc.(113)
h. V. Rick McDanlel, Edit. Travel(114)
1. Mary Ann McDaniel, Edit. Asst.(122)
S. V. Rick McDanlel, Edit. Travel(125)
k. IRSU02)
1. IRSU20)
Ark. Dept. Fin. i
Admin.(121)

80.00
2,000.00
26.01
40.00
900.00
794.68
248.56
117.53

102.45

117.53
71.39
114.69
8.15

$ 4,620.99

Total for PROCEEDINGS

who
2.

Diversified Data(583)
b. Kinko Coples(584)

FINANCIALSTATEMENT
10,

Statement Approved by Audit April3, 1982
Mcllroy Bank Checking Account Balance,
Heritage Savings and

Loan!

03-24-82

Certificates of Deposit

1222.20

1

Total

INCOME: March
1.

24,

to

March

10,

1983

Meeting, HSU, April2-3, 1982
a. Dues (10 Sust., 85 Reg.)
b. Registration
c. Banquet
d. Proceedings
e. Institutional Dues

Total
2.

1982

$ 4,647.97

Meeting Income

Memberships
Sustaining (30)
Regular
(86)
Associate
(1)

Individual

a.

b.
c.

970.00
376.00
455.00
20.00
50.00

51,871.00

S

Dues

(excl. la. above)

Institutional

Dues (excl, 1e.)

Total Operating Cos

1,236.94

Page Charges

1,215.00

6.

BIOTA Receipts

8.
Total

S

778.71

778.71

Summary

41.80

(March 24, 1982 to

Checking Account
Certificates of Deposit
Savings Account

S

Total Interest

$

28.16
179.76
58.47

Balance Approved by Audit on April 3,

266.39

266.39

Collegiate Academy of Science
Income

S

111.05
36.40
13.70
20.00
53.54
154.47
63.60
55.26
130.31
23.66
20.00
57.55

$ 6,648.28

Interest
c.

365.00

6.94

Total Expens

PROCEEDINGS, Subscriptions

b.

S

450.00

4.

a.

365.00

2.00

1,225.00

5.

7.

883.58

7.23
25.00

.

1,871.00

360.00

$1,225.00

S

Operating Costs
a. UAF Bookstore, Rcpt. Bk.(585)
b. Nat'l Assn. Acad. Scl. (590)
c. Mcllroy Bank, Cashiers Ck. (591)
d. First State Bank and Trst. Co. ( )
Service Charge
e. David Chittenden, Sctys Exp.(106)
f. Instaprint, Treas. Envelopes (107)
h. Hendrlx College Bookstore, Stamps (111)
j. David Chittenden, Sctys Exp. (112)
k. Copy Cat, Newsletter (115)
1. Copy Cat, Newsletter(116)
m. UALRBiol. Dept ,Postage(117)
n. Copy Cat, Newsletter(123)
o. UALRBiol. Dept., Post., Xer., Scat. (124)
p. Hendrix College Bookstore, Stamps(126)
Q. Paullsson, BI0TAO09)

860.00
5.00

3.

Total

$

883.58
35.00
30.00
100.00
200.00

Total for Awards
4.

Funds, March 24, 1982

$

Awards
Wendy Koppel, Scl. T.(586)
b. Brian Espenshied, Scl. T.(587)
c. Ark. Scl. Fair Assn. (118)
d. Ark. Jr. Acad. Scl.(119)
a.

$ 2,266.59

$

853.16

Total for Meeting Expi
3.

1983

4,620.99

7.54
22.88

a.

Henderson State Unlverslty(589)

March

S

Meeting Expense:

March

Total Income (See Page 1)
Total Expenses (See Page 2)

53.86
$ 6,359.99

Funds

on Hand

March

10,

1983
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10, 1983)

$ 4,647.97

1982
$6,359.99
6,648.28

-

-

288.29

S

288.29

4,359.68

1

3

Journal of the Arkansas Academy of Science, Vol. 37 [1983], Art. 1
Secretary's Report

appropriate certificate of merit. Inaddition, the President of the
Academy should send a letter ofcommendation to the student's
professor with a carbon to the professor's department chairman.

(March 10, 1983)
Company of Conway, Arkansas

$ 1,740.07

Company of Conway, Arkansas
Certificates of Deposit, First State Bank
Trust Company of Conway, Arkansas

Total

Funds,

March

10,

1,022.43

and
1,597.16

$ 4,359.68

1983
Respectfully Submitted,

Arthur A.

Johnson,

Treasurer

Meeting: April 1-2, 1983
University of Central Arkansas
Conway, Arkansas 72032

Dr. Anderson appointed the following committees:
Audit Committee:

6. That a permanent standing committee on student awards be
established by the Academy. This committee's charge willbe to
coordinate student awards. Tasks willinclude cooperation with
the chairman of the meeting's local committee concerning
scheduling of competing papers, provision of at least two judges
(ideally three) foreach category, formulation of judgingcriteria,
tabulation of the judges' opinions and the presentation of awards
and certificates.
After discussion the following motion was made and passed.
Furthermore, since the entire Academy membership willbe unable
to vote on the proposal before the 1983 annual meeting at UCA, the
committee wouldlike to submit the followingmotion to the Executive
Committee:

"The Ad Hoc Committee on Undergraduate Student Awards
moves that its recommendations concerning the procedures
and award for outstanding undergraduate research efforts
be approved by the Executive Committee of the Arkansas
Academy of Science. The Executive Committee furthermore
authorizes the Ad Hoc Committee to implement these procedures for the 1983 annual meeting of the AAS to be held
at UCA. The Executive Committee authorizes the expenditure

Paul Sharrah, chair; Daniel R. England;

Walter Godwin
Resolutions Committee:

P. M. Johnston, chair

Meeting place Committee: not necessary since it had been previously
approved that the University of Arkansas-Fayetteville will
host the 1984 Academy meeting on 6-7 April.Dr. William

of funds necessary for the certificates of merit. And that the
Executive Committee present a motion for the acceptance

Evans will chair the committee to choose the site for the
1985 meeting.

Dr. Tom Goodwin, chairman of the Nominating Committee presented
the following candidates for office:
For Vice-President:
For Historian:

Dr. Gary Heidt, UALR

of these recommendations

Inaccordance with that motion the above two committees would like
to offer the following motion to the general membership:
It is moved that the general membership of the Arkansas
Academy of Science accept the Ad Hoc Committee on

Dr. Henry Robison, SAU

Undergraduate Research Awards' recommendations and also
accept the motion passed by the Executive Committee on 3
September 1982 concerning those recommendations. The
President is thus instructed to implement the proposed

It was moved and seconded that nominations cease. The motion passed.
Dr. Heidt presented the report of the
Academy as follows:

Committee on the Collegiate

The Ad Hoc Committee recommends that the Arkansas Academy
ofScience adopt the followingprocedure and awards for outstanding undergraduate research:

.

1

We recommend that the undergraduate papers continue to be
mixed with the senior papers and carry an indication that they
are presented by undergraduates and in competition for the
student awards.

2. That the abstracts be submitted to and scheduled by the local
committee at each meeting. However, the chairman of the local
committee needs to check with the chairman of the committee
to make sure that the papers are scheduled insuch a way that
they can be easily judged.
3. That the abstract form for submitted papers include a clearly
indicated space as to whether the research was conducted and
will be presented by an undergraduate student.
4. That two awards be presented. One award each for the
outstanding paper inLifeScience and the outstanding paper for
Math & Physical Science.
5. That the awards should consist of a one year membership and
subscription to Science (the Academy already has two such
memberships to be given to students each year) and an

2

at the AAS's 1983 Business

Meeting in Conway, Arkansas."

recommendations.

The motion was seconded and passed.
Dr. William Evans, Vice-President, presented
Committee on Dues Structure.

the report of the

The ad hoc committee on dues structure appointed by President
Robbin Anderson met at UALR on March 14, 1983, to consider the
charge "to give our general dues structure some study and to report
to the Executive Committee at the April meeting this year recommendations for change ifany seem appropriate."

Dr. Arthur Johnson reported that the total funds inthe Academy
accounts are only slightly less than at this time last year. He also noted
that, in general, the funding inthe Academy has not changed significantly in the past few years. This excludes meeting costs.
The unanimous consensus of the committee members was that there
is a critical need to increase the income for the Academy, particularly
in view of rising costs during the past few years. After considerable
discussion, the following proposals were agreed upon and are hereby
submitted:

.

1

Expand the number oftypes ofindividual memberships with the
dues as indicated:

Arkansas Academy of Science Proceedings, Vol. XXXVII,1983
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$ 10.00 (no change)
15.00 (up from $12.00)
Sponsoring member
25.00 (new)
200.00 (new)
Life member
Undergraduate member
(no change)
5.00
membership
Note: A life
of $200 may be made in four
payments of$50.00 each over a four-year period. On
this plan, the individual shall be considered as a
sponsoring member until the total is paid.

Regular member
Sustaining member

2. Publish a list of members each year in the PROCEEDINGS.
Different categories of members should be indicated. It was
suggested that such a list could be reduced from standard-size
print to the size currently used for the Treasurer's report to save
space.
Inaddition, itis suggested to the Executive Committee of the
Academy that a continuing effort should be made to obtain
financial support from industrial, business, federal and state
government sources. Astanding committee for this purpose might
be inorder. One member suggested that the vice president might

IKi.tem

chair such a committee.

1 of the report is approved by the Executive Committee and
in the recommendations are made, the following changes
e constitution and By-Laws willbe necessary:

Constitution and By-laws made necessary by the change in dues schedule.
The motion was seconded and passed.
Mrs. Marie Arthur presented the following report on the Junior

Academy of Science.

The Arkansas Junior Academy of Science is composed of
school students with the basic objective of stimulating
interest in science and research among these students.
high

Students prepare and present papers on this research at
regional meetings with the better presentations being
presented at the state meeting which this year will be held
at the University ofCentral Arkansas on April 15. One or
two students will be chosen by the Academy to represent
Arkansas at the American Junior Academy ofScience which
willbe held inDetroit inMay as one section of the American
Association for the Advancement of Science meeting.

Inaddition to individual research, the Academy has involved
some forty schools and four hundred students ina cooperative
research project to determine ifArkansas has a significant
nitrate pollutionproblem indrinking water fromrural wells.
The data from this project will be analyzed this summer.

langes

ARTICLE III.MEMBERSHIP

r

There shall be two general classes of membership in the
Academy: Members (consisting of Regular, Sustaining,
Sponsoring, Life, and Undergraduate Members) and
Institutional Members.
BY-LAWS

Dues for members (Regular, Sustaining, Sponsoring, Life, and
Undergraduate) shall be set by the officers of the Academy and
submitted to the membership for approval. Approval by the
membership shall be by majority vote of those present. Any
change of dues approved by the membership shall be effective
January 1 of the year followingthat inwhich the change has been

I

approved.

Secretary, who

Imove that the Minutes of the 66th Annual Meeting,
published in the 36thProceedings of the Arkansas Academy
of Science be approved as written.

The motion was seconded and
The Audit Committee

passed.

The motion was seconded and passed.
Dr. Robert Kirkwood, co-chairman of the State Science Fair, reported
that a site is needed for next year's Science Fair. Any volunteers should
contact Dr. Kirkwood. Dr. Kirkwood also reported that he was
withdrawing as co-chairman and would need a replacement. It was
moved and seconded that the Academy continue its $100 support of
the Science Fair. The motion passed.

Dr. Leo Paulissen reported that the quality of papers at this year's
Science Talent Search was quite good. The award
winners this year were
Westinghouse

There was one honorable mention for the Arkansas delegation at the
national meeting.

Tom Palko reported that there was great involvement of students
and faculty at this year's Junior Science and Humanities Symposium.
Fifteen students from ten high schools were involved in the state meeting.
Mr.Palko recommended that the Academy encourage participation of
students with scientific talent in JSHS activities.

presented the following report.

The members of the Audit Committee
balanced and were in order.

activities and association withfellow students and

adult scientists that result from the activities of the Junior
Academy are worthy ofcontinued support by the Arkansas
Academy ofScience and I
move that the Arkansas Academy
of Science continue the $200 support.

1st place: Rebecca Sue Sample
2nd place: Timothy J. Groseclose

SECOND BUSINESS MEETING

President Anderson recognized David Chittenden,
made the following motion.

We believe the encouragement to students and teachers, the

experience,

report that

the books

tis

moved and seconded to accept the Audit Committee's
motion passed.

report,

It was moved and seconded to accept the Treasurer's report as
Presented in the First Business Meeting. The motion passed.
Dr. Evans moved the acceptance of the dues schedule as presented
First Business Meeting and the acceptance of the changes in the

It was moved and seconded that the recommendations of the
Committee on the Collegiate Academy be implemented. The motion
passed. The winners of the undergraduate awards were
in Life Sciences:

Cheryl Tabor, UALR

in Physical Science & Math: David Coussens, Hendrix

P. M. Johnston, chairman of the Resolutions Committee, moved the
of the following resolution.

adoption

Be it resolved:

at the

Arkansas Academy of Science Proceedings,
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The members of the Arkansas Academy of Science express
their gratitude to Robert Wright, Chairman of the Biology
Department, and to the members of the local arrangements
committee, Neal Buffaloe, Don Culwell, Fred Dalske,
Arthur Hoyt and Denver Prince, for the careful planning of
the meeting and for the sumptuous repast. Also, the Academy
thanks the other members of the faculty of the Biology
Department for their hospitality. Appreciation is expressed
to the administration of the University ofCentral Arkansas
for the use of the facilities of the university.
The Academy appreciates the efforts of the section chairmen
and recognizes that they play an important role in the conduct of the meeting. To be noted are John Beadles (Aquatic
Environment), James Daly (Biomedical Sciences), Robert
Steinmeyer (Chemistry), Ken Steele (Geology), Joe Gunter
(Physics/Mathematics),
Henry Robison (Vertebrate
Zoology), Carl Jameson
(Geography), Peggy Dorris
(Invertebrate Zoology), Neal Buffaloe (Science Education),
Gary
(Botany).
and
Tucker
The members of the Arkansas
Academy of Science rely heavily upon the officers of the
Academy to implement the programs of the Academy. We
extend our thanks to Robbin Anderson, President; Paul
Sharrah, President-Elect; David Chittenden, Secretary;
William Evans, Vice President; Arthur Johnson, Treasurer;
V. Rick McDaniel, Proceedings editor; John Rickett,
Newsletter editor; and in particular to Robert Kirkwood who
is retiring as Historian.
The Academy expresses gratitude to the various directors of
science youth activities which are supported by the Academy;
Pat Howerton, Mike Rapp and Robert Kirkwood, CoDirectors of the Arkansas State Science Fair; Tom Palko,

Director of the Junior Science and Humanities Symposium;
Leo Paulissen, Science Talent Search; Marie Arthur, Director of the Arkansas Junior Academy of Science; and to
Wayne Everett, who is Liaison Officer for all supported
activities.
The Academy also wishes to recognize, along with President
Farris and the biology faculty of the University ofCentral
Arkansas, the renaming of the UCA Nature Reserve to the
Jewel E. Moore Nature Reserve.

4

It was moved and seconded to elect the nominees for the offices of
Vice President and Historian by acclaimation. The motion passed
It was moved and seconded to appropriate $500 for editorial assistance
and travel for the publication of the Proceedings. The motion passed
It was moved and seconded that the Academy continue support for
the publications of two editions of the Newsletter for 1983-1984. The
motion passed.
President Anderson reported that a tentative invitation for the 1985
meeting had been made by representatives of the University of Arkansas
at

Monticello.

Dr. Neal Buffaloe presented the following statement and motion
Mr. President, it is my opinion that science education at all
levels in both the state and the nation is at a critical low point.
On the whole, we seem to be doing little to educate the public
on scientific issues that are crucial to our present and future
welfare.
Therefore, I
wish to move that the President of the Academy
be authorized to appoint a special committee to explore way
and means whereby the Academy might communicate am
cooperate with existing organizations, such as the Arkansa
Science Teachers Association, whose aim it is to inform the
public ofscientific issues.

The motion was seconded and passed.
Itwas announced that the outstanding science teacher for Arkansas
is BillIngram, Dardanelle High School. This is the last year for the
award of a microscope from Bausch & Lomb.

President Anderson turned the gavel over
President Sharrah adjourned the Second Business

Paul Sharrah.

Meeting.

Respectfully submitted,

David M. Chittenden
Secretary

Arkansas Academy of Science Proceedings,
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PROGRAM
Arkansas Academy of Science
Sixty-seventh Annual Meeting

UNIVERSITY OF CENTRAL ARKANSAS
Con way, Arkansas
Meeting concurrently with sessions of:
The Collegiate Academy of Science

Saturday, 2 April

Friday, 1April

-SENIOR AND COLLEGIATE ACADEMIES Registration
-SENIOR ACADEMY Executive Board Meeting
-SENIOR ACADEMY First General Business Meeting

-- Registration
-SENIOR ANDCOLLEGIATE ACADEMIES Papers [Concurrent

SENIOR AND COLLEGIATE ACADEMIES

Sessions]:

Lunch

-- Registration
-SENIOR ANDCOLLEGIATE ACADEMIES Papers [Concurrent

SENIOR AND COLLEGIATE ACADEMIES

Sessions] :
Chemistry I
Aquatic Environment I
Geology

Botany
Chemistry II
Aquatic Environment II
Invertebrate Zoology

Science Education

ARKANSAS SCIENCE TALENTSEARCH
SENIOR ACADEMY

-- Second

General Business

Meeting

Biomedical Sciences
Vertebrate Zoology
Geography
Physics-Math

SENIOR ANDCOLLEGIATE ACADEMIES -- Banquet
POST BANQUET SPEAKER

- Mr. Randall

Sabine, EPA,

Dallas

Arkansas Academy of Science Proceedings,

Published by Arkansas Academy of Science, 1983
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SECTION PROGRAMS
[Papers marked

*

with are

presentations by Collegiate Academy members]

CHEMISTRY I

Section Chairman: Robert

Steinmeyer

SYNTHESIS AND RESISTIVITYEVALUATIONS OF CHARGE
TRANSFER COMPLEXES OF 7,7,8,8-TETRACYANOQUINODlMETHAN.
M. W. Teague, W. S. Taylor, C. M. Means, Department of
Chemistry,

EFFECT OF pH, SALT AND COUPLING STATE ON THE
INTERACTIONOF FERREDOXIN WITH THE CHLOROPLAST
MEMBRANE.
Kim Colvert and Danny J. Davis, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701.

CHEMICALMODIFICATION OF SPINACH FERREDOXIN WITH
DIETHYLPYROCARBONATE (DEPC).
Barbara J. Vieira and Danny J. Davis, Department ofChemistry,
University of Arkansas, Fayetteville, AR 72701.
FRIEDEL-CRAFTS REACTIONS OF OXALYLCHLORIDE WITH
SEVERAL POLYCYCLIC AROMATIC HYDROCARBONS.
Dominic T.C. Yang and W. M. Trie, Department of Chemistry,
University of Arkansas at Little Rock, Little Rock, AR 72204.

Hendrix

College, Conway,

AR 72032.

A SYNTHETIC ROUTE TO 3,7-DIDEAZAGUANINE.
Michael W. Rapp and Michael D. Wood, University of Central
Arkansas, Conway, AR.

CLONINGOF ADENOVIRUS TYPED DNA FRAGMENTS.
R. K. Padmanabhan, Department of Biochemistry, University of
Kansas Medical Center, Kansas City, KS, and D. M. Coussens,
Department of Chemistry, Hendrix College, Conway, AR 72032.
METHEMOGLOBIN AND METMYOGLOBIN REDUCTION BY

POTASSIUM FERROCYANIDE INTHE PRESENCE OF CARBON
MONOXIDE.
A. Mansouri, VAMedical Center and University of Arkansas for
Medical Sciences, Little Rock, AR 72206.

ELECTROCHEMICAL STUDIES OF SOME COPPER COMPLEXES HAVINGSUPEROXIDE DISMUTATIVEACTIVITYIN
BIOLOGICALSYSTEMS.
Lonnie E. Harrison and AliU. Shaikh, Department of Chemistry,
University of Arkansas at Little Rock, AR 72204.

A THROMBIN-LIKEENZYMEFROM TIMBER RATTLESNAKE
VENOM.
Collis R. Geren and Yu-Yan Shu, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701.
THE HEMORRHAGIC COMPONENT FROM THE VENOM OF
THE SOUTHERN COPPERHEAD.
Randal K.Tucker and Collis R. Geren, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701.
THE SYSTEMIC E TOXIN OF TIMBERRATTLESNAKE VENOM.
H. Raymond Allenand Collis R. Geren, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701.
SYNTHESIS AND PURIFICATIONOF ALLYL-ENKEPHALINSAS
MORPHINE ANTAGONISTS.
A. N. Voldeng and S. A.Essawy, College of Pharmacy, University of Arkansas for Medical Sciences, Little Rock, AR 72204.
ANALYSIS OF PESTICIDES BY LOW TEMPERATURE
PHOSPHORIMETRY.
Norman L. Trautwein, Department of Chemistry, Arkansas State
University, State University, AR 72467, and John C. Guyon,
Department of Chemistry, Southern Illinois University, Carbondale, IL62901.
NOBLE SYNTHESIS OF 6-HYDROXYBENZO(a)PYRENE AND
7-HYDROXYBENZ(a)ANTHRACENE.
Dominic T. C. Yang, Department of Chemistry, University of
Arkansas at LittleRock, LittleRock, AR, and Leo Huang, Natural
Science Department, Truman College, Chicago, IL.

AQUATIC ENVIRONMENT I
Section Chairman: John K. Beadles

A PRELIMINARY REPORT ON THE ZYGOPTERA OF
ARKANSAS.
George L. Harp, Dept. of Biological Sciences, Arkansas State
University, State University, AR 72467.
ZOOPLANKTONCOMMUNITYSTRUCTURE INDARDANELLE
RESERVOIR, 1975-1982.
John D.Rickett and Robert L. Watson, Biology Dept., University
ofArkansas at Little Rock, Little Rock, AR 72204.

PHYTOPLANKTON COMMUNITY STRUCTURE IN DARDANELLE RESERVOIR, 1975-1982.
John D. Rickett and Robert L. Watson, Biology Dept., University
of Arkansas at Little Rock, Little Rock, AR 72204.
EFFECTS OF TREATED WASTEWATER FROM THE CITY OF
FAYETTEVILLE,ARKANSAS ON WATER QUALITYOF THE
WHITE RIVER.
Arthur V. Brown, Larry D. Willis, and Peter P. Brussock,
Department of Zoology, University of Arkansas, Fayetteville, AR
72701 .
AEROBIC DIGESTION OF SWINE WASTELAGE WITH
RECOVERY OF SOLIDS FOR CATTLE FEED.
B. D. Lowe and G. H. Emert, Biomass Research Center,
University of Arkansas, Fayetteville, AR 72701.
THE STUDY OF D-XYLOSE FERMENTATION BY Pachysolen
tannophilus.
H. Punnapayak and G. H. Emert, Biomass Research
University of Arkansas, Fayetteville, AR 72701.

Center,

NEUTRAL SUGARS FROM VARIOUS VENOMS
Ahmed El-Sherif, Paul Gwinup, Bob Johnson, and Dewey H.
Sifford, Departments of Biology and Chemistry, Arkansas State
University, State University, AR 72467.

PRODUCTION OF PROTOPLASTS FROM Trichoderma STRAINS.
S. J. Gracheck and G. H. Emert, Biomass Research Center,
University of Arkansas, Fayetteville, AR 72701.

SYNTHESIS OF TETRATHIAFULVALENE(TTF); CONDUCTIVITY
STUDIES OF SELECTED CHARGE-TRANSFER COMPLEXES.
C. M.Means, W. S. Taylor, T. E. Goodwin, and M. W. Teague,
Department of Chemistry, Hendrix College, Conway, AR 72032.

AQUATICMACROINVERTEBRATES OF THE HIATTPRAIRIE
REGION: FRANKLINCOUNTY, ARKANSAS.
Julie A.Huggins and George L.Harp, Arkansas State University,
State University, AR 72467.
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POPULATION STRUCTURE IN THREE
Z00PLANKTON
NEAR THE OUACHITA MOUNTAIN-GULF
RESERVOIRS
PLAIN INTERFACE.

COASTAL
Stephen

B. Smith and Thomas E. Moen, U.S. Fish and Wildlife
Service, Multi-Outlet Reservoir Studies, Box 705 OBU, Arkadelphia,
AR 71923.

MEW AND UNCOMMON ANISOPTERA RECORDS FOR

ARKANSAS.

George L.Harp, Department of Biological Sciences,
University, State University, AR 72467.

Arkansas State

AN ECOLOGICAL ASSESSMENT OF FAULKNER LAKE,
PULASKI COUNTY, ARKANSAS.
Loretta Gates and Robert Wright, Dept. of Biology, University of
Central Arkansas, Conway, AR 72032.

TEXTURES OF CHERT ANDNOVACULITE:A PRELIMINARY
REPORT.
Walter D.Keller, University of Missouri-Columbia, Columbia, MO
65211; Charles G. Stone, Arkansas Geological Commission,
Little Rock, AR 72204; and Alice L. Hoersch, LaSalle College,
Philadelphia, PA 19141.
A COMPARISON OFCARBONATITES ATMAGNETCOVE AND
POTASH SULFUR SPRINGS, ARKANSAS.
John R. Bales, Department of Geology, University of Arkansas,
Fayetteville, AR 72701.
CREATIONISM, THE ARKANSAS STORY.
P. L. Kehler, Department ofEarth Science, UALR, Little Rock,
AR 72204.

ARKANSAS' CONTRIBUTION TOTHE D NA G FIELD-GUIDE
PROJECT.
John David McFarland III,Arkansas Geological Commission, 3815
W. Roosevelt Rd., Little Rock, AR 72204.
A PALEOCURRENT AND PETROLOGICAL ANALYSIS OF
THE MIDDLE BLOYD SANDSTONE (PENNSYLVANIAN,
MORROWAN).
Richard S. Luker, P.O. Box 337, Dardanelle, AR 72834.

GEOLOGY
Section Chairman: Ken Steele
ORIGIN OF THE EARTH'S MAGNETIC FIELD
Laymont V. Woodruff, Hendrix College, Conway, AR72032-3080.
LIMEMUD MOUNDS INTHE ST. JOE LIMESTONE.
L.A. Gandl, #3 Broadview Dr., Little Rock, AR 72207.
SHORT CREEK OOLITEDEPOSITION, WAR EAGLE QUARRY,
MADISON COUNTY, ARKANSAS.
Barbara A. Lisle, Fayetteville, AR 72701.

EARLY PENNSYLVANIAN CONODONT-AMMONOID
STRATIGRAPHY AND THE WITTS SPRINGS PROBLEM.

I

Mary Ann Eccher, Daniel J. Murdaugh, and Wildon D. Hawkins,
Department of Geology, University of Arkansas, Fayetteville, AR
72701.

OF THE ARKANSAS GULF COASTAL PLAIN.
William L. Prior, Arkansas Geological Commission, 3815 West
Roosevelt Road, Little Rock, AR 72204.

INITES

ENVIRONMENT OF THE CANEY POINT
BER, WHITE BLUFF FORMATION (EOCENE) OF
HEAST ARKANSAS.
James E. Edson, Department of Natural Sciences, University of
Arkansas, Monticello, AR 71655.

E'SITIONAL
BIOLOGY

OF LOWER ATOKASANDSTONE UNITSATTHE

THERN MARGIN OF THE ARKOMA BASINOF NORTH-

T ARKANSAS.
Doy L. Zachry, Dean A. Ramsey, and Gary D. Harris, Department of Geology, University of Arkansas, Fayetteville, AR 72701.

POSSIBLE CAUSES OF CHANNELPATTERN CHANGES OFTHE
RED RIVER, ARKANSAS.

Margaret J. Guccione, Geology Department,

Arkansas,

e'ORT

University of

Fayetteville, AR 72701.

ON THE CONTINUING STUDY OF THE ROCK
IMS AND ADJACENT CLIFFS ON MT. MAGAZINE,
NSAS.
Victor Vere, Department of Physical Science Geology, Arkansas
Tech University, Russellville, AR 72801

.

BIOMEDICALSCIENCES
Chairman: James Daly

ALTERATIONS INIMMUNEFUNCTIONINMICEDOSED WITH
DMSO.
Dale Ferguson, Don Deems, and James Hughes, University of
Arkansas at Little Rock, Little Rock, AR 72204; D. Roberts,
National Center for Toxicological Research, Jefferson, AR72079.
EFFECT OF PHENOTYPE ON IMMUNOCOMPETENCE INAvy/a
MICE.
W. Campbell and D. Roberts, National Center for Toxicological
Research, Jefferson, AR 72079.
ROLE OF NON-RT1 LINKEDGENES INIMMUNERESPONSES
OF RATS TO LEUKEMIAVIRUS.
W. Jean Matchett, Deborah A.Watson, and Joe M. Jones, Department of Pathology, University ofArkansas for Medical Sciences,
Little Rock, AR 72205.
CHANGES IN IMMUNE FUNCTION IN THE RAT DUE TO
FEEDING OF APURIFIED DIET.
V. Kishore 1, D. W. Roberts 2, J. B. Barnett 3, and J. R. J.
4, 'Department of Biopharmaceutical Sciences,;
Sorenson
'Department of Microbiology and Immunology, 'Department of
Pharmacology, University of Arkansas for Medical Sciences,
LittleRock, AR., 'Immunotoxicicology Branch, National Center
for Toxicological Research, Jefferson, AR 72079.

'

EFFECT OF ANTITHYMOCYTESERUM ON THE COURSE OF
CHLAMYDIALGENITAL INFECTION INFEMALE GUINEA
PIGS.
R. G. Rank and A. L.Barron, Department of Microbiology and
Immunology, University of Arkansas for Medical Sciences, Little
Rock, AR 72205.

POTENTIATION OF GROUP B STREPTOCOCCAL PNEUMONIA
IN MICEBY INFLUENZA TYPE A VIRUS.
J. H. Menna and W. T. Jones, Department of Microbiology and
Immunology, University of Arkansas for Medical Sciences, Little
Rock, AR 72205.
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COMPARISON OF cAMP PHOSPHODIESTERASE FROM THE
HAPLOID AND DIPLOID STAGES OF THE MYXOMYCETE
Physarum flavicomum.
Mary E. Farrell and Thomas J. Lynch, Department of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.

THE EFFECT OF ORIENTATION AND LOCATION ON
RESPONSE OF ISOLATED RAT AORTA.
Kyle Hardy and H. Frederick Dalske, Department of Biology,
University of Central Arkansas, Conway, AR 72032.
CHANGES IN GLUCOSE TOLERANCE AND SEIZURE
THRESHOLD IN THE RAT DUE TOFEEDING OF APURIFIED
DIET.
V. Kishore', Stella Greenlee 1,R. G.Dotson 1,and J. R. J. Sorenson'
of
\ 'Department of Biopharmaceutical Sciences,
Pharmacology, University of Arkansas for Medical Sciences,
Little Rock, AR 72205.
THEEFFECT OF AN AEROBIC EXERCISE REGIMEN ON HIGH
DENSITY LIPOPROTEIN LEVELS.
Leland F. Morgans and Dennis A.Baeyens, University ofArkansas at Little Rock, Little Rock, AR 72204, and Manford D.
Morris, University ofArkansas for Medical Sciences, LittleRock,
AR 72205.
COMPUTER PATTERN RECOGNITION OF ACTION
POTENTIALS.
Ronald S. Remmel, Dept. of Physiology and Biophysics, University
of Arkansas for Medical Sciences, Little Rock, AR 72205.

EFFECT OF TRYPSIN INHIBITORON PANCREAS AFTER 85<Vo

PANCREATECTOMY INRATS.
N. Baba, T. Suzuki, T. Tobe, Arkansas Medical Science, Department of Physiology, LittleRock, AR,and Kyoto University, Faculty
of Medicine, 1st Department of Surgery, Japan.
PROLONGED RESPONSE OF IMMUNOREACTIVE GASTRIN,
CHOLECYSTOKININ (CCK) ANDPANCREATIC POLYPEPTIDE
(PP) INDOGS AFTER FOOD INGESTION.
P. Chowdhury, K.Inoue, D. McKay, E. Harper, L.Neldon and
P. L. Rayford, University of Arkansas for Medical Sciences,
Little Rock, AR 72205.
THE DEVELOPMENT OF TISSUE CULTURE SYSTEMS FOR THE
EVALUATION OF CANCER CHEMOTHERAPEUTIC AGENTS.
Clifton Orr, J. E. Stone, and M. L. Polk, Department of
Pharmacology, Coll. Med. University of Arkansas for Medical
Sciences, Little Rock, AR 72205.
TRAZODONE IN THE MANAGEMENT OF OBSTRUCTIVE
SLEEP APNEA: A CASE REPORT.
E. A.Lucas, V. Wooten, F. Wilson, University of Arkansas Medical
School, Little Rock, AR.
REPRODUCTIVE HEALTH MONITORING: REPORT OF AN
ARKANSAS PILOT STUDY.
M. A.Brewster, C. J. R. Hogue, H.M. Arrighi,and L. Bilheimer,
Department of Pathology and Division of Biometry,University of
Arkansas Medical Sciences, Little Rock, AR, and Centers for
Disease Control, Atlanta, GA, Arkansas Department of Health,
Little Rock, AR.

RESULTS OF A CRANIO-MORPHOMETRIC EXAMINATIONOF
THE GENUS Peromyscus IN ARKANSAS.
V. Rick McDaniel, Renn Tumlison, and Phil McLarty, Dept. of
Biological Science, Arkansas State University, State University, ar
72467.
Dracunculus IN ARKANSAS FURBEARERS.
Renn Tumlison, Ron Smith, Jana Hudspeth, and Anthony W. King,
Dept. of Biological Science, Arkansas State University, State
University, AR 72467.
SUCCESS OF NATIVE-TRAPPED COMPARED TO CAPTIVITYRAISED BIRDS INRESTORING WILDTURKEY POPULATIONS
TO NORTHWESTERN ARKANSAS.
Douglas James, Department of Zoology, University of Arkansas,
Fayetteville, AR 72701 ,L.Glen Fooks, Division of Natural Sciences,
Southern Baptist College, Walnut Ridge, AR 72476, and John R,
Preston, Educational Services, Oklahoma City Zoo, Oklahoma
City,

OK 73111.

DENTAL PATHOLOGY INSOME ARKANSAS FURBEARERS.
Renn Tumlison, J. D. Wilhide, and V. Rick McDaniel, Department of Biological Science, Arkansas State University, State
University, AR 72467.
AGE STRUCTURE OF ARKANSAS RACCOON (Procyon lotor)
POPULATIONS.
Jana Hudspeth and V.Rick McDaniel, Department of Biological
Science, Arkansas State University, State University, AR 72467.
STATUS OF THE BATMyotiskeenii INTHE ARKANSAS OZARKS.
Michael J. Harvey and V. Rick McDaniel, Ecological Research
Center, Dept. of Biology,Memphis State University, Memphis, TN
38152, and Dept. of Biological Sciences, Arkansas State University, State University, AR 72467.
RANGE EXTENSION FOR THE SEMINOLE BAT (Lasiurus

seminolus) AND ADDITIONALCOUNTY

RECORDS FOR FOUR
IN ARKANSAS.
SPECIES OF VESPERTILIONID BATS
2
Heath',
,
Heidt', and V. R.
Gary
Darrell R.
David Saugey
McDaniel 1, 'Dept. of Biology, University of Arkansas at Little
Rock, LittleRock, AR 72204, 2U.S. Forest Service, Hot Springs,
AR 71901, 'Dept. of Biology, Arkansas State University, State
University, AR 72467.

A DESCRIPTION OF THE BOBCAT BACULUM, WITH NOTES
ON ITS TAXONOMICIMPORTANCE.
Renn Tumlison and V.Rick McDaniel, Department of Biological
Sciences, Arkansas State University, State University, AR 72467.

FIRST REPORT OF BRAZILIANFREE-TAILED BAT (Tadarido
brasiliensis) MATERNITY COLONIES IN ARKANSAS.
David Saugey, U.S. Forest Service, Hot Springs, AR 71901, and
Darrell Heath, Clark Efaw, and Gary Heidt, Dept. of Biology,
University of Arkansas at Little Rock, Little Rock, AR 72204.

OBSERVATIONS ONA POPULATION OF SLIMYSALAMANDERS
(Plethodon glutinosus) IN THE OUACHITA MOUNTAINS OF
ARKANSAS.

Springs, AR 71901, and
Teresa Beggs, Division of Nursing, Garland County Community
College, Hot Springs, AR 71901.

David Saugey, U. S. Forest Service, Hot
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PROPER MOTIONS (STARS) ONA SMALLMICROCOMPUTER.
Paul C. Sharrah, Department of Physics, University of Arkansas,
Fayetteville, AR 72701.

GEOGRAPHY
Chairman: Carl Jameson

DEFORESTATION

IN THE WESTERN HIGHLANDS OF

GUATEMALA.
Turcotte, University
Kevin M.

of Arkansas,

Fayetteville, AR 72701.

LICENSED FEMALE PHYSICIANS IN ARKANSAS: A
LOCATIONAL ANALYSIS.
Mary B. Aue, Rt. 1, Box 62, Beebe, AR 72012.
SPATIAL VARIATIONSOF TROUT FISHING VISITATION IN
ARKANSAS AT SELECTED PRIVATELY OWNED TROUT
DOCKS.

Ricky H. Bradford,

1004 N. Holly, Beebe, AR 72012.

Neviusia alabamensis: A PHYTOGEOGRAPHIC ANALYSIS.
Alice A. Long, #6 University Apts., Conway, AR 72032.
ARKANSAN'S PERCEPTIONS OF ARID REGIONS IN THE
UNITED STATES.
Judie Brumett, Mary Aue, Ricky Bradford, James Hickman, John
Reagan, Alan Singleton, Carl Jameson.

BOTANY

Chairman:

Gary Tucker

NOTES FROM THE CRYPTOGAMIC HERBARIUM AT THE
UNIVERSITY OF CENTRAL ARKANSAS.
Jewel E. Moore, Biology Department, University of Central
Arkansas, Conway, AR 72032.

-

BRYOPHYTE LICHEN COMMUNITIESWITHINHOT SPRINGS
NATIONAL PARK, ARKANSAS.
Jewel E. Moore, Department of Biology, University of Central
Arkansas, Conway, AR, and Steve L. Timme, Botany and
Bacteriology Department, University of Arkansas, Fayetteville, AR
72701.
NEW RECORDS OF BRYOPHYTES INARKANSAS.
Steve L. Timme, Botany and Bacteriology Dept., University of
Arkansas, Fayetteville, AR 72701 .

DEER POPULATION IN RELATIONSHIP WITH FORESTED
ACRES.
Mike Simmons, UCA P.O. Box 1907, Conway, AR 72032.

PRAIRIE PHENOLOGY AND SEED GERMINATION.
Donald Culwell and Robert Wright, University of Central
Arkansas, Department of Biology, Conway, AR 72032

PLACE UTILITY EVALUATIONS FOR SHELBY COUNTY
(MEMPHIS), TN.

HISTORICAL INTERPRETATIONS OF THE MILKWEED
FLOWER (Asclepiadaceae).
Eric Sundell, Department of Natural Sciences, University of
Arkansas at Monticello, Monticello, AR 71655.

SNOWFALL INARKANSAS: 1930-1980.
Raph J. Merletti, Department of Geography, University of
Arkansas, Fayetteville, AR 72701 .

NEW RECORDS FOR THE PTERIDOPHYTE FLORA OF
ARKANSAS.
James H. Peck, Dept. of Biology,University of Arkansas at Little
Rock, Little Rock, AR 72204.

John T. Matson, Department of Geography, Memphis State
University, Memphis, TN 38152.

-

¦

PHYSICS MATH
Chairman: Joe Gunter
PLATE SOLAR THERMAL COLLECTORS: A COMSON OF EFFICIENCIES OF VARIOUS COLLECTOR

GAMETOPHYTES OF Trichomanes petersii (HYMENOPHYLLACEAE) OCCURRING AND REPRODUCING INDEPENDENTLY
OF SPOROPHYTES INARKANSAS.
J. H. Peck, Dept. of Biology,University ofArkansas at LittleRock;
D. R. Farrar, Dept. of Botany, Iowa State University; and P. L.
Redfearn, Dept. of Biology, Southwest Missouri State University.

FIGURATIONS.
Dr.Rudolph J. Eichenberger, Physics-Engineering Dept., Southern
University, Magnolia, AR 71753.

Arkansas

NUMERICALTECHNIQUES INVOLVEDINTHE ANALYSISOF
FABRIC FILTRATIONDEVICES.
Robert Mark Gilliom, Star Route, Wooster, AR 72181.
OF JACOBI'S DECOMPOSITION THEOREM.
atsuya Yamada, Physics Department, University of Central
rkansas, Conway, AR 72032.

BMATICS
KAR
IPUTER.
Farrell

FUNCTION PLOTTING ON APPLE II MICROD. Pierson, P.O. Box 2152-UAM,Monticello, AR 71655.

B!

ASYMMETRY AND BLACK HOLES VIA K° DECAY.
eith Andrew, Physics Department, University of Arkansas,
ayetteville, AR 72701.

EFFECTS
BBrian

OF TWO PHOTON ABSORPTION FROM HE-NE
!R SOURCE BY ORGANIC MOLECULES.
Fowlkes and Dr. Derald Smith, Department of Physics,
University of Central Arkansas, Conway, AR 72032.

CHEMISTRY II
Chairman: Robert Steinmeyer

ENANTIOSPECIFIC PREPARATION OF AN INTERMEDIATE
FOR MAYTANSINOIDSYNTHESIS.
T. E. Goodwin, C. M. Crowder, R. L.Lile, J. S. Swanson, R. B.
White, Department of Chemistry, Hendrix College, Conway, AR
72032.

DENATURATION OF THE LIGHT-HARVESTING CHLORO-

PHYLL a/b PROTEIN BY ORGANIC SOLVENTS.
Danny J. Davis and Don England, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701, and Harding
University, Searcy, AR 72143.

COMPARISONS BETWEEN HETEROGENEOUS AND HOMOGENEOUS CATALYTICHYDROGENATIONS. THE EFFECT OF
TRIPHENYLPHOSPHINE ON THE PALLADIUMCATALYZED
HYDROGENATION AND ISOMERIZATION OF 4-tBUTYLMETHYLENECYCLOHEXANE.
James A.Hawkins and Samuel Siegel, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701.
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POSSIBLE FORMATIONOF FERRABENZENE AND ITS CONVERSION TO 1.3-DIPHENYL-2-METHOXY-FERROCENE.
Neil T. Allison and R. Ferede, Department of Chemistry, University of Arkansas, Fayetteville, AR 72701.
VARIATION OF THE CARBON-14 KINETIC ISOTOPE
EFFECT WITH SUBSTITUENT IN THE ADDITION OF
2,4-DINITROBENZENESULFENYL CHLORIDE TO SUBSTITUTED STYRENES-1-' 4C AND STYRENES-2-' 4C.
Marianna Kanska and Arthur Fry, Department of Chemistry,
University of Arkansas, Fayetteville, AR 72701

.

CARBON-14 ISOTOPE EFFECTS AND THE MECHANISM OF

THE SYN ELIMINATIONOF DIMETHYLHYDROXYLAMINE
FROM 2-PHENYLETHYLDIMETHYLAMINEOXIDES.
Daniel R. Wright, Leslie B. Sims, and Arthur Fry, Department of
Chemistry, University of Arkansas, Fayetteville, AR 72701.
TUBE FURNACE DEPOSITION STUDIES OF K2 SO -GRAPHITE
MIXTURES.
R. N. Ridge and J. E. Bennett, Department of Chemistry, Arkansas State University, State University, AR 72467.
4

VAPOR SPECIES ABOVE THE K2SO.-GRAPHITE SYSTEM.
J. E. Bennett and R. N. Ridge, Department of Chemistry, Arkansas State University, State University, AR 72467.
ARBUSOV REACTIONS INMOLTEN SALT MEDIA.
N. J. Pienta and S. E. Fry, Department of Chemistry, University
of Arkansas, Fayetteville, AR 72701 .

TETRABUTYLAMMONIUM PERMANGANATE

AS AN
OXIDANTFOR PYRIDINE SIDE CHAINS.
F. L. Setliff, W. R. Huie, and R. Adams, Department of Chemistry,
University of Arkansas at Little Rock, Little Rock, AR 72204.

PREPARATION OF AN INTERMEDIATEFOR MAYTANSINE
SYNTHESIS.
T. E. Goodwin, G. L. Templeton, L. Covey-Morrison, and J. S.
Jenskins, Department of Chemistry, Hendrix College, Conway, AR
72032.
INVESTIGATIONINNUCLEOSIDE SYNTHESIS.
T. Best, D. B. Lowe, and T. E. Goodwin, Department of Chemistry,
Hendrix College, Conway, AR 72032.
PERMEATION OF GRAPHITE WALLS BY HIGH TEMPERATURE POTASSIUM ATOMS.
Louis Morales, Randy Ridge, and J. E. Bennett, Department of
Chemistry, Arkansas State University, State University, AR72467.
COPPERUDP.S-DIISOPROPYLSALICYLATE):,

A POTENT

GAMMA RAY RADIOPROTECTANT WITH SUPEROXIDE
DISMUTATINGREACTIVITY.
John R. J. Sorenson' ', Brian Gray', Denise Nelson', Helmar H.
A. Dollwet4, and Vimal Kishore', 'Department of Biopharmaceutical Sciences, College of Pharmacy and department of
Pharmacology, College of Medicine, University ofArkansas for
Medical Sciences, 'Armed Forces Radiobiology Research Institute,
Bethesda, MD, 'Department of Biology,University ofAkron.

AQUATIC ENVIRONMENT II

Chairman:

John Beadles

HABITAT SELECTION IN THE SPAWNING OF CREOLE
DARTER, Etheostoma collettei.
Cheryl D. Tabor and John D. Rickett, Biology Department,
University of Arkansas at Little Rock, Little Rock, AR 72204.
RANGE EXTENSION OF THE SILVER CARP, Hypophthalmichthys
molitrix,INARKANSAS WATERS.
F. Allen Carter, Arkansas Game and Fish Commission, #2 Natural
Resource Drive, LittleRock, AR 72205, John K.Beadles, Department of Biological Sciences, Arkansas State University, State
University, AR 72467.
MULTIPLE LENSES IN THE EYE OF Micropterus salmoides.
Renn Tumlison, John K.Beadles, and Alan D.Price, Department
of Biological Sciences, Arkansas State University, State University, AR 72467.

MOSQUITOFISH PRODUCTION IN MONOCULTURE AND
POLYCULTURE PONDS.
Walter R. Robison, Scott H. Newton, Dept. of Agriculture,University of Arkansas at Pine Bluff, Pine Bluff, AR 71601, and Max
V. Meisch, Dept. of Entomology, University of Arkansas,
Fayetteville, AR 72701.

SPAWNING THE GRASS CARP FEMALE X BIGHEAD CARP
MALE HYBRID.
Mike Freeze and Scott Henderson, Arkansas Game and Fish
Commission, #2 Natural Resource Drive, Little Rock, AR 72205.
SICKLEFIN CHUB,Hybopsis meeki, INTHE MISSISSIPPI RIVER
BORDERING ARKANSAS.
F. Allen Carter, Arkansas Game and Fish Commission, #2 Natural
Resource Drive, LittleRock, AR 72205, John K.Beadles, Department of Biological Sciences, Arkansas State University, State
University, AR 72467.
FISHES OF THE ANTOINE RIVER, LITTLEMISSOURI RIVER
SYSTEM SOUTHWESTERN ARKANSAS.
Henry W. Robison, Elaine Laird, and DarrylKoym, Department
of Biology, Southern Arkansas University, Magnolia, AR 71753.
AN EVALUATION OF A 1.88m !
FRAME TRAWL AND A 2m1
TUCKER TRAWLFOR SAMPLING YOUNG-OF-THE-YEAR FISH.
Michael R. Dewey and Thomas E. Moen, USFWS, P.O. Box 705,
OBU, Arkadelphia, AR 71923.

SELECTION OF SCALES FOR GROWTH ANALYSIS OF LARGEMOUTH BASS.
Donald C. Jackson, and Raj. V. Kilambi, Department of Zoology,
University of Arkansas, Fayetteville, AR 72701.
THE FISHES OF THE WHITE RIVER;INTERSTATE 40 UPRIVER
TO AUGUSTA, ARKANSAS.
Drew Wilson and Kenneth Shirley, Arkansas Game and Fish
Commission, Brinkley, AR 72021.
SIZE VARIATIONOF UNGRADED AND GRADED CHANNEL
CATFISH REARED INCAGES.
Donald C. Greenland, Walter R. Robison and Scott H. Newton,
Fish Farming Experimental Station, P.O. Box 860, Stuttgart, AR
72160.
A COMPARISON OF TWO YEAR CLASSES OF HYBRIDGRASS
CARP AND GRASS CARP FOR AQUATIC PLANT CONTROL.
Mike Freeze and Scott Henderson, Arkansas Game &Fish Commission, #2 Natural Resources Drive, Little Rock, AR 72205.
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INVERTEBRATE ZOOLOGY
Chairman: Peggy Rae Dorris

SCIENCE EDUCATION
Neal Buffaloe

Chairman:

REPAIR OF ULTRAVIOLET AND GAMMA-RAY INDUCED
LETHAL DAMAGE IN AN INSECT TISSUE CULTURE CELL
LINE.

Craig Endres, Susan Kulp and Gaston Griggs, Dept. of Biology,
John Brown University, Siloam Springs, AR 72761.

DISTRIBUTION AND SEASONAL OCCURRENCE OF THE
SCUTELLERIDAE, CORIMELAENIDAE AND CYDNIDAE OF
ARKANSAS.
Linda A. Lee and Harvey E. Barton,

Department of Biological
Sciences, Arkansas State University, State University, AR 72467.

ABUNDANCE AND SEASONAL OCCURRENCE OF Psorophora
columbiae (DIPTERA: CULICIDAE) IN A NORTHEAST
ARKANSAS RICEFIELD COMMUNITY.
Larry A. Olson and Julia A. Huggins, Department of Biological
Sciences, Arkansas State University, State University, AR 72467.
BEHAVIORAL AND FUNCTIONAL MORPHOLOGICAL
ASPECTS OF SOME RECEPTORS IN THE WOLF SPIDER
(ARANEAE: LYCOSIDAE).
Nancy L. Myers, Department
sas, Fayetteville, AR 72701.

of Zoology, University of Arkan-

OF TWENTY-TWO NEW SPECIES OF SPIDERS FOR
¦ITION
ARKANSAS CHECKLIST.
L. Beck and
R.
of
Dorris, Dept. Biological Sciences,
Peggy
Henderson State University, Arkadelphia, AR 71923.
Mary

EiLIMINARY

STUDY OF THE DISTRIBUTION, HOST

rs, AND NYMPHAL INSTARS OF Chelysomidea

guttata
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EFFECTS OF SEWAGE POLLUTION
INTHE WHITE RIVER, ARKANSAS
ARTHUR V. BROWN, LAWRENCE D. WILLIS,
and PETER P. BRUSSOCK
Department of Zoology
University of Arkansas
Fayetteville, Arkansas 72701
ABSTRACT
Recently there has been much emphasis placed on the importance of leaf detritus processing to the
energetics of stream invertebrates. This study was designed primarily to assess the effects of municipal
effluent on the abilityof a stream community toutilize leaf detritus, and secondarily to evaluate the extent
of the pollutionof the White River by the Fayetteville, Arkansas, effluent discharge. Physical and chemical
water quality and benthos were sampled periodically at one station upstream and two stations downstream
from the discharge, and in the Richland Creek tributary. Processing ofleaf detritus was also studied at
each site using 5 g of red oak (Quercus shumardi) leaves. The physicochemistry and benthic community structure indicated moderate to heavy pollution by the effluent. Despite this, leaf detritus
processing rates were extremely rapid which indicated that leaf decomposition is virtuallyunaffected by

macroinvertebrates.

INTRODUCTION
Discharge of treated municipal wastewater into a stream always alters
the stream's physical, chemical and biological characteristics. The
extent of the alteration is governed by the quality and quantity of the
effluent and the ability of the receiving stream to assimilate and
metabolize the wastes. Degradation of the biological community is

recognized to be the most important result of stream pollution. Several
physicochemical studies have been performed in the upper White River
(Eley, 1969; Bayliss, 1971; Stone, 1971; Carahan, 1973; Gearhart, 1973;
Reed, 1973; Rowe, 1973) but we know of no studies which directly
assessed the impact of the sewage on this stream's biota.
A general theory concerning the community organization and functional dynamics of lotic ecosystems has recently been developed (see
Cummins, 1977; Mclntire and Colby, 1978; Vannote et al., 1980;
Minshall et al., 1983). The model is primarilybased on the sequential
utilization of decomposing organic detritus that enters streams from
their watersheds primarilyin the form of autumn shed leaves (Minshall,
1967; Coffman et al., 1971; Cummins, 1974). The rates and mechanisms
involved in processing ofleaves by stream invertebrates and decomposers
have been rather extensively studied in unperturbed streams (e.g., see
Petersen and Cummins, 1974; Suberkrop and Klug, 1976; Anderson
and Sedell, 1979; Brown and Ricker, 1982), but no studies previous
to this one have addressed leaf decomposition in a stream receiving
municipal wastes. In order to successfully manage receiving streams
we must first understand how they function ecologically.
primary objective of this study was to assess the effects of
luting a stream with treated municipal wastewater on its capacity
process natural allochthonous detritus inputs. This included an
essment of the mechanisms and rates ofleaf processing, determinan of the benthic macroinvertebrate community structure and analysis
the physicochemical water quality. Additional benthic community
nples were taken in the Illinois River, Arkansas (an adjacent drainage
iin) for comparison.

iThe

.

METHODS
STUDY SITE DESCRIPTION

headwaters of the White River flow northward through theOzark
untains in northwest Arkansas into Beaver Reservoir (Figure 1).

the

reaching Beaver Reservoir. The headwater streams flow through the
sandstones and shales of the Boston Mountains. Downstream from the
lake the river flows through cherty limestone of the Springfield Plateau.
The different substrata have little influence on the physicochemistry
of the river (Horn and Garner, 1965). Numerous springs contribute to
the river flow along its course.
The White River is used for many purposes inaddition to receiving
treated wastewaters. These uses include irrigation of farmland, wateringlivestock and wild game, and as recreation by fishermen, canoeists
and swimmers. The most significant aspect ofits fishery is the annual
white bass (Morone chrysops) spawning migration from Beaver Lake
each spring. However, there is year around fishing for other species
includingcrappie, various catfish, sunfish, black bass, and walleye. The
intake for the municipal water supply for Fayetteville and several other
communities is located in Beaver Reservoir approximately 42 km
downstream from the effluent discharge.
The headwaters downstream to Beaver Reservoir have been placed
in use-class A by the Arkansas Department ofPollution Control and
Ecology (1975, 1981). These streams, then, are classified as suitable for
primary contact recreation, propagation of desirable species of fish,
wildlife and other aquatic life, raw water source for public water
supplies, and other compatible uses. Inaddition the stream is classified
as a smallmouth bass fishery. The study section of the river downstream
from the sewer plant has actually experienced rather extensive fish kills
during the summers of 1978, 1979, 1980, and 1982.
Locations of the sampling stations are indicated on Figure 1 The
first station (WR 1) was chosen to represent the environmental quality
of the river before receiving secondary treated effluent from the
Fayetteville sewage treatment plant. The Richland Creek site (RC)
similarly provided comparative data from a relatively unpolluted
tributary. Station WR 2 was about 250 m below the effluent discharge
and station WR 3 was about 8 km farther downstream.

¦re are three major tributaries, two of which are impounded to form
;e Sequoyah, which is owned and managed by the City of Fayville.After the confluence with West Fork the river is a fifthorder
am and remains so downstream to Beaver Reservoir. The river
inders for approximately 15 km below Lake Sequoyah before

For each station leaf packs were prepared, deployed, retrieved and
analyzed similar to the methods of Petersen and Cummins (1974). Small
(5.0 g) packs ofair dry Shumard's Red Oak (Quercus shumardi) leaves
were sandwiched between small plastic tabs and stapled together. This
species does not shed its leaves until spring. The leaves were all collected from one tree during late January 1982 to ensure comparable
leaf packs among sites. Instead of lashing the packs to bricks as
recommended by Petersen and Cummins (1974) we secured them to the
surface of the substrate using a 60d common nail through the center
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of each. This avoided the nuisance of having our experiments ruined
by removal of the packs by curious passers by. On March 24 the leaf
packs were placed inareas ofsimilar depth, current and substrate type
at each station. Three packs were carefully removed after three, eight,
20, and 37 days exposure at each station. Invertebrates were removed
and preserved, after which the remaining leaf material was dried at
moderate temperature (50 °C), allowed to air dry in the laboratory for
several days, and then weighed. Processing rate coefficients (k) for the
leaf packs were calculated by the method developed by Petersen and
k = loge (<%R/100) / t where
Cummins (1974) using the equation:
%R is the percent leaf material remaining after the time in days (t) of

by Surber sampler at stations 1, 3 and 4 (see
collected with a leaf pack.

table

1) but was

never

-

exposure.

Four quantitative substrate samples of benthic macroinvertebrates
were collected using a Surber square foot sampler (250 /un mesh) at
each station each month from April 1982 through October 1982. Sites
for these samples were chosen to best represent the variety ofhabitats
available at each station. These invertebrate samples were preserved
in 75% ethanol and returned to the laboratory where they were hand
picked, sorted, identified and counted. Additional invertebrate samples
were collected from a comparable study site in the fifth order reach
of the Illinois River (IR), Arkansas, during April,July and October,
1982. Three samples were taken each date using a 0.05 m 2 vacuum
sampler witha mesh size of 250 fitn. Species diversity was calculated
by the Shannon-Weaver

index: S.D.

=

E Vn (log,Vn), where Vn

lh species
is the ratio of the number of individuals inthe i
to the total

number of organisms in the sample.
Selected physicochemical analyses were performed at each station
periodically from April 1982 through March 1983. These tests included flow, dissolved oxygen, turbidity,conductivity, chlorine, nitrate
nitrogen, ammonia nitrogen, orthophosphate, and fine paniculate
organic matter (FPOM). The FPOM was collected by filtration of500
mlof water on Whatman GFF filters. The other tests were performed
according to standard methods (American Public Health Association,
1975).

RESULTS AND DISCUSSION

.

Figure 1 Map of the headwaters region of the White River, Arkansas,
with study sites indicated.

Leaf processing rates observed in this study were extremely rapid.
The=slowest decay rate was at the site immediately below the plant
(k 0.0108) but was not very different from those observed upstream
(k = 0.0129) (Fig. 2). The fastest decomposition rate was observed at
the second station (WR 3) downstream from the sewage outfall (k =
0.0346). Even the slower leaf processing rates would be classified as
fast by Petersen and Cummins (1974) even though oak leaves are generally slow (i.e., k s: 0.005) to decay. The processing rate at station
WR 3 was faster than that recorded for the same species in a similar
study inthe nearby Illinois River (k = 0.025, Brown and Ricker, 1982).
The faster processing rates must be due to a greater density and/or
activity of the microbial organisms responsible for decomposition
(bacteria and fungi) and perhaps higher stream temperatures experienced
during the studies inArkansas. The highest processing rate reported
by Petersen and Cummins (1974) (k = 0.0305) was obtained from a
study performed during the summer in Michigan. Summer stream
temperatures in Michigan may be equivalent to Arkansas spring time
temperatures during this study 9-14 °C). Inany case the leaf processing
rates were definitely faster than any previously reported.
The observed differences in leaf processing rates can not be explained by the numbers ofmacroinvertebrates which colonized the leaf
packs (Figure 3), or by the functional groups (sensu Cummins, 1974;
Merrittand Cummins, 1978) associated with them. Shredders were conspicuously absent from the leaf packs at all sites; only collectors and
predators were on them. The paucity ofinvertebrates associated with
the leaf packs ( 8 spp) and the absence of shredders indicates that
invertebrates have little effect on leaf processing rates. This agrees with
the conclusion from a leaf processing study in an Ozark cave stream
(Brown and Schram, 1982). A shredder species (Tipula sp) was collected

EXPOSURE

(DAYS)

<

14

Figure 2. Leaf pack weight loss at four sites in the White River,
Arkansas. WR1 = ¦, WR2 = •, WR3 = O ,RC = A . See Figure
1 for location of study sites.
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species diversity index of 2.49 despite the fact that only nine 0.05 m2
samples were represented compared with28 0.1 m2 samples at each of
the four sites on the White. The abundance and diversity (18 taxa) of
mayflies attests to the relatively unpolluted status of the Illinois.

.

Table 1 Benthic macroinvertebrates distribution and abundance (N/M2)
in the White River, Arkansas, upstream and downstream from the
Fayetteville sewage discharge. See Figure 1 and the text for station
locations.
TAXA

¦

3. Benthic macroinvertebrates
which colonized leaf packs
four sites in the White River, Arkansas. WR1 = ¦, WR2
WR3 = O ,RC = A See Figure 1 forlocation of study sites.

k) at

.

benthic macroin vertebrate community, as indicated by collections
urber samplers, was most diverse above the effluent discharge
total of 25 taxa (see Table 1). Twenty taxa were present in
id Creek, 17 were collected at WR 3 about eight km downstream,
ilyeight taxa could be found 250 m below the outfall. Mayflies
and molluscs were fairly abundant upstream but were conspicuously
absent immediately below the sewer plant. Gordon (1976, 1982) instudies
of the Mollusca of the White River reported 47 species from the headwaters and noted the complete extirpation of species from below the
Fayetteville sewage outfall to the headwaters ofBeaver Reservoir. When
he collected in this area, the Asiatic clam, Corbicula, was in Beaver
but not above it in the headwaters. It was very abundant during this
study upstream from the sewage plant (WR 1)but was absent from the
other sampling stations (Table 1). Perhaps fishermen who use them for
bait have unintentionally introduced them at this site.
macroinvertebrate fauna was not very rich inspecies or numbers
y of the sampling stations, whichindicates a generally depauperate
tion withinthis reach of the stream. This observation is supported
by the low species diversity indices given inTable 1.Wilhm and Dorris
(1968) considered streams with a diversity index between one and three
to be moderately polluted. Considering the other facts for this stream,
including the absence of mayflies and molluscs below the sewage outfall and the recurrent fish kills, we would suggest that it is heavily
polluted at the other sites. The Richland Creek site was primarily bedrock
little suitable habitat for benthos or it may have had a higher diverFhe Shannon- Weaver index is quite responsive to evenness (Wilhm,
), so the large number ofCorbicula at the upstream site depressed

R
Sie

B
¦White

River is quite similar to the adjacent Illinois River regardsir topography, geology, and agricultural practices in their
tieds. However the Illinois receives less municipal sewage. A
rable fifthorder site on the Illinois River had 53 species and a

Insecta
Ephemeroptera
Baetis
Caenis
Isonychia.
Rhithrogena
Stenonema pulahellum
S. termination
S. femoratum
5. mediopunatatum
Triaorythodaa atti-atue
Stenacron

WR2

9.99
5.38
1.15
6.15
1.54
1.92
0.38
.1.92

WR3

RC

14.60
0.38
3.46

50.34

14.60
1.54
8.84

intsppunotcftuin

Tricoptera
Cfcimarra
Oieumatopeyohe
Hydropsyohe

5.38
8.07
13.83

0.77

Diptera
Chironimidae
Simuliidae
Tipula

22.67
9.22
1.54

Plecoptera
Acroneuria
Megaloptera
Corydalun eornutua
Coleoptera
Peephenis
Stenelmis

1.15
4.23
24.59
0.77
6.15
4.99
0 ¦ 77

0.38
2.31
6.92

98.76
19.98
17.68

64.18
14.22

80.70
80.70
0.38

27.67
32.28
0.77

13.45

0.77

0.77

4.99

11.91

7.69

30.70

2.31

3.46

1.15

4.99

0.38
0.77

3.07

Hemiptera
Gerria remigia

6.53

Crustacea
Decapoda

Isopoda
LirceuB

1.15

Mollusca
Gastropoda
Corbicula fluminta
Tritogonia verruao8a
Lcinipsilia ventvicona
Anodonta grandia
Phyea gyrina
Annelida
Oligochaeta

1.15

Diversity

0.38

443.08
0.38
0.38
0.38
0.77
1.15

TOTALS
Species
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upstream and downstream from the Fayetteville sewage plant effluent
discharge from April 1982 through March 1983. See text for station locations (WR 1, 2, 3, and RC).

Table 2. Physical and chemical characteristics of the White River, Arkansas,

April 23
NR3

WR1

June 8
WR2
WR3

RC

WR1

WR2

29
WR3

RC

9.6

11.4

8.2

8.1

7.8

9.3

7.6

6.8

6.6

8.4

95

65

1I0

82

122

82

112

60

14

24

26

29

a

30

32

33

19

38

13

,«

H

14

23

28

23

23

.05

.05

<.O5

<.05

<.05

<.O5

0

0

0

0

0

-60

.60

.50

2.2

.80

<.O5

25

38

25

25

25

25

NH2

9.9

9.5

60

(NTu]ty

W»t-

(mS/j)
CO

"lMulio/cni) y
TU

0 >

~jjniq/e')

at6

y"j)

(m

(mlj/j)
(m^'u)
FPOM

.0064 .0084 .0091 .0027

WK1
DO

(nig/i)

'

(pmho/cm)

5

Turbidity
(NTU)

™ture

Te'"Pe

July 20
WR2
WR3
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6
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6 -°
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u
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2B
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23

23

21
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.30

.30

.68

.39

0

.35

.52

.58

.20

.20

0

.60

3.6

8.3

.40
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25

25

25

25

25

August.

6 9

°

15

.0111 .0109 .0119 .0053
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-

.0217 .0319 .0110 .0025

September

WR2

24
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WR1

-

4 J

-
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6 6

6

-

WR2

'2
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WR3

-
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-

7

6

3
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3

°
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2B

28
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- 22
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.50

.50
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.22

2.0

3.5

.10

°J)
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.40

.60

.40

.60

.30

.50

.80

2.9

5.2

4.1
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(nlg

Cl"
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P
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WR1
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5
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WR1
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WR2
WR3
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9.1
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6.5
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UQ
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241
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58
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H
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7
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5
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0
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70

0

N0

(nic|/« )

-

RC

3
(MK|/t(
25

75
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i8

.0096 .0102 .0109 .0041
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0
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0
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.03
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The physical and chemical analyses corroborate with the other data
that the effluent from Fayetteville' s sewer plant is degrading
water quality of the White River and exceeding the standards set
by the Arkansas Department of Pollution Control and Ecology (1981)
(see Table 2). The abuses are especially severe during times ofnormal
or low flow conditions. Substantial increases in orthophosphates, ammonia nitrogen, chlorides, conductivity and turbidity were observed
downstream from the plant. Dissolved oxygen (DO) was considerably
below recommended levels for this stream at the second station
downstream during the August and September samples. The first station downstream may have been too near the outfall (250 m) to have
been maximally affected regarding DO levels. During normal flow,
oxygen depletion was justbeginning as the water passes this station and
was always lower at the second station except in April1982, when the
flow was above average. During the week of 12 September the DO
consistently ranged from less than 1 to a maximum of3 mg/ ( for
several kilometers below the outfall and resulted in a fish kill. We
observed that most of the fish killed were carp (Cyprinus carpio) and
green sunfish (Lepomis cyanellus) which are pollution tolerant species,
although other less tolerant species were included. This could indicate
that the reach of river no longer produces many game fish, or that the
poor water quality developed gradually and the more sensitive species
left before the conditions became lethal.
Results of this study indicate that the headwaters portion of the White
River in the vicinity of the Fayetteville, Arkansas, sewage treatment
facilityhas rather poor water quality and supports very few species of
benthic macroinvertebrates in relation to an adjacent stream, the
Illinois River. Effluent from the sewage treatment plant further degrades
the stream at least as far as the upper reaches of Beaver Reservoir.
Oxygen depletion caused by the effluent resulted in a fish kill in
September 1982 and similar conditions probably caused the fish kills
in previous years in this stream.
depauperate condition of the aquatic invertebrate fauna upstream
the effluent discharge could be the result of nonpoint source
ultural pollution, faulty septic tanks and run off from small towns
:watershed. However, the fauna upstream could have been depleted
he harsh conditions downstream. Aquatic invertebrates drift
istream in large numbers (Waters, 1967, 1972; Miller, 1974) and
dults of aquatic insects then flyupstream to complete what Muller
I,1982) has called their recolonization cycle. Ifthey are killed as
disperse downstream they can not subsequently recolonize upstream
to indicate

Iie

i

The benthic macroinvertebrate community structure distinctly
indicated the water quality conditions at each station. Despite the poor
water quality and the depauperate benthic fauna, the leaf detritus decomposition rates were very high, in fact there was some indication that
the decomposition (processing) rate was enhanced by the effluent at
station 3 downstream (see Figure 2). This result was unexpected because
benthic macroinvertebrates, especially shredders, are generally thought
to strongly influence leaf decomposition rates (see Cummins, 1974, 1977;
Vannote et al., 1980; and Minshall et al., 1983).
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EVALUATIONOF A FRAME TRAWL AND
TUCKER TRAWL FOR SAMPLING
YOUNG-OF-THE-YEAR FISH
MICHAELR. DEWEY 1and THOMAS E. MOEN
U. S. Fish and WildlifeService
P.O. Box 705, Ouachita Baptist University
Arkadelphia, Arkansas 71923

—

ABSTRACT

—

Relative efficiencies of two trawls
a 1 .88 m2 frame trawl and a 2 m2 Tucker trawl were compared
for sampling young-of-the-year (YOY)shad, Dorosoma sp., crappies, Promoxis sp., and sunfishes,
Lepomis sp. Seven tests withsix replicate hauls for each net in each test were analyzed bynon-parametric
techniques. Relative efficiency ratios, calculated from mean density estimates, were compared. The Tucker
trawl was the more efficient for sampling YOY shad, its relative efficiency increasing as shad length
increased. Results for the other two taxa were less consistent. The larger size range of YOY shad
captured compared with the size ranges of fish of the other two taxa, seemingly increased the avoidance
capabilities of the shad. The absence of a bridle and otter boards on the Tucker trawl and towing the
net away from the effect of the propeller wash contributed to its efficiency.

INTRODUCTION

Midwater trawling has been used since 1975 to study young-of-theyear (YOY) fish populations in DeGray Lake, Arkansas. A1.88 m2
frame trawl (Houser, 1972) was used for sampling in 1975-76 and a
2 m!
Tucker trawl in 1977-80 (Hopkins et al., 1973). The objective of
this study was to evaluate the two midwater trawls for sampling YOY
fish and to develop correction factors to make catches from the two
trawls comparable. Abundance estimates of shad, Dorosoma sp.,
crappies, Promoxis sp., and sunfishes, Lepomis sp. were analyzed.
Although differences inthe sampling efficiencies of small high-speed
Southward, 1962;
samplers have been investigated (Colton et al., 1961 ;
and Noble, 1970), few comparisons have been made of the sampling
efficiencies ofmidwater trawls. Sampling efficiency expresses the degree
of avoidance by fish, and that degree may vary with each sampling
device. The avoidance capability of an organism is theoretically related
to sampler size, distance at which the organism perceives the sampler
and the speed at which the sampler approaches (Barkley, 1964).
Unbridled nets have been shown to yield significantly higher catches
than bridled nets (Quirk et al., 1976; Smith, 1972). Therefore, efficiency
might differ between the frame trawl, which has two bridles, and the
Tucker trawl, which has none.
METHODS

was conducted from an 8.5 m aluminum boat (3.2 m
), powered by a diesel engine. Trawls were released and retrieved
o hydraulic winches. Seven nighttime tests were made duringMay

(trawling

le1977-80. Each test consisted ofsixhauls withone trawl followed
diately by six hauls with the other trawl in the same area. The
:trawl had a mesh size of 0.79 mm and the Tucker trawl, 0.50
Sampling was conducted at a time when larvae were vulnerable
th mesh sizes. Oblique hauls to a depth of 7 m were made with
trawls.
When the Tucker trawl was used it was lowered ina closed position,
opened, and retrieved at a 45° angle. Because of the steep angle of
retrieval, the effective opening of the Tucker trawl was calculated to
be only 1.5 m2, whereas because of the much longer length of tow of
'he frame trawl, the effective opening varied little from 1.88 m 2.Both
nets were towed at a speed of about 0.9 m/s. The frame trawl was

towed directly astern, and the Tucker trawl offthe starboard side, away

Present address:

from the propeller wash. When the Tucker trawl was used, a reinforced, perforated vinylbag, 1.5 m long, was towed offthe port side
the drag of the trawl. A General Oceanics flowmeter, suspended
in the mouth of the net, was used to estimate the length of tows. The
length of tow was multiplied by the effective opening of the net to
determine volume of water sampled (about 45 m for the Tucker trawl
and 400 m' for the frame trawl.
Fish were preserved in 10% formalin and taken to the laboratory
for identification and enumeration. Fish were identified to genus on
the basis of taxonomic keys developed by May and Gasaway (1975)
and Hogue et al., (1976). Subsamples from each haul were measured
to the nearest 0.5 mm forlarvae less than 20 mm long and to the nearest
millimeter for specimens 20 mm long or longer. Because small gizzard
shad (D. cepedianum) and thread fin shad (D. petenense) are very
difficult to separate, data for the two species were pooled forall analyses.
Catches of larval sunfishes, Lepomis sp., and crappies, Pomoxis sp.,
were also compared.
Since variances were not always homogeneous, Wilcoxon's signedrank tests (Sokol and Rohlf, 1969) were used to compare estimates of
abundance. Mann- Whitney non-parametric tests (Steel and Torrie, 1960)
were used to compare length frequencies ofYOY shad. Due to the small
range inlengths of the YOY sunfishes and paucity of crappies collected,
length frequencies were not statistically compared for these two taxa.
The ratio of the mean density estimate (fish/ms) of the Tucker trawl
for each test was divided by that of the frame trawland termed relative
efficiency (R E). This ratio was used to compare relative sampling
efficiencies for YOY shad, crappies, and sunfishes. Relative efficiencies for YOYshad were pooled by 3 mm size group to assess changes
in relative efficiency by size.

to offset

'

RESULTS
Mean density estimates of fish taken in the Tucker trawl were generally
higher than those of the frame trawl (Table). Variances were less than
the mean inall comparisons, indicating a relatively uniform distribution of YOY fishes (Elliot, 1971). Mean density estimates of shad
based on catches inthe Tucker trawl were always higher than those based
on the frame trawl. The estimates were significantly higher (P < .05)
in the Tucker trawl in six of the seven comparisons. The R E of the
tucker trawl was higher for all seven comparisons, ranging from 1.91
to 3.74 (Table). A significant positive correlation, indicating that the

Florida Fishery Research Station, U.S. Fish and Wildlife Service, P.O. Box 1669, Homestead, Florida 33090.
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Table. Mean catch (fish/mJ) of YOY shad, crappies and sunfishes and relative efficiency (R E) for a Tucker and a 1.88 m2 frame trawl in
seven
tests, DeGray Lake, 1977-80.

Sampling

Date

Crappies

Shad
Frame

Sunfish
Frame

Tucker

Frame

RE

Tucker

1 846—/ 0.695

2.66

0.183

0.142

1.28

2.434

2.352 1.03

4.549-/

3.220

0.090

0.047

1.91

0.050

0.084

0.62

1.665

1.729 0.96

1.892

1.913 0.99

08 June 1978

6.387-/

2.585

2.47

0.119

0.062

1.92

1.219

1.316 0.93

1.031-/
2.452-/

0.468

2.20

0.004

0.024

0.17

1.529—/ 0.348 4.39

7.767-/
2.764-/

3.988 1.95

22 June 1978

0.656
/
2.373- 1.202

3.74

0.331-/

0.206

1.61

27 May 1980

2.27

0.749-/

0.408

1.83

10 June 1980

0.749-/

1.91

0.138

0.073

1.89

.841-/
0.808-/
1.124-/

May

1977

22 June 1977

28 June 1979

a/

.

Significantly greater

0.391

1

RE

Total YOY
Tucker Frame

RE

25

Tucker

Rf
1.41

0.992 2.79

2.65

5.

171-/

1.588

0.241

3.35

2.12

1.62

3.930-/
2.011-/

1.851

0.695

1.150

1.75

0.694

3.26

(P < .05) than the frame trawl.

Tucker trawl was more efficient as fish length increased, was noted in
only two of the seven comparisons when R E's were compared by 1
mm increments. When catches were combined from all tests and
densities were pooled by 3 mm increments, a significant positive correlation was noted (Figure). When length frequencies were compared
by the Mann-Whitney test, significant differences (P .05) were noted
in only three of the comparisons.
The Tucker trawl was more efficient than the frame trawl for
crappies in five of the comparisons (Table). However, in only two
instances were the catches of the Tucker trawl significantly higher

<

< .05).

(P

The Tucker trawl was nominally more efficient for YOY sunfishes
than the frame trawl in five of the seven series and was significantly
higher (P
.05) in four (Table). For all taxa combined, the Tucker
.05) in all but one comtrawl was significantly more efficient (P

<

<

parison (Table).

DISCUSSION
Differences in the relative sampling efficiencies ofthe two trawls are
to differences intrawl design, deployment ofgear, size of YOY
fish being sampled, and distributional patterns of fish. Our comparisons
indicate that the Tucker trawl consistently captured larger numbers of
YOYshad per unit of volume sampled (1.9 to 3.7 times greater) than
the frame trawl. However, neither trawl was consistently more efficient
insampling YOY crappies and sunfishes. The differences inefficiency
between taxa are partly due to the size of the fish. Lengths of YOY
shad were 5 to 40 mm, those of most YOY crappies were 20 mm or
less and those of most YOYsunfish were 10 mm or less. Barnes (1977)
found that swimming speed more than doubled forshad 25 to 55 mm
long in comparison with those less than 25 mm long. The difference
should have a significant effect inavoidance of the trawl of YOY shad.

related

20

Figure. Relative efficiency by length group for seven tests when
catches of shad (fish/mJ) were pooled by 3 mm increments.
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However, the Tucker trawl apparently reduces this avoidance to some
extent, since the relative efficiency increased as shad length increased.
For the smaller crappies and sunflsh, differences between the two trawls
were probably related to distributional patterns, and not to avoidance.
Factors other than fish size are also important in influencing
sampling efficiency. Positioning the bridles and otter boards in advance
of the frame trawl may decrease its sampling efficiency for some taxa.
Bridles cause pressure waves in the mouth of the net which might
influence net avoidance by larval fish being sampled (Clutter and
Anraku, 1968; Fleminger and Clutter, 1965). Lasker (1975) found that
bridleless bongo nets made significantly greater catches of large larval
anchovies than did standard meter nets.
Deployment may account for differences insampling efficiency of
the two trawls. The Tucker trawl was towed off the side of the boat
away from the propeller wash, whereas the frame trawl was towed
directly behind the boat. Bowles et al. (1978) reported that gear deployed
over the stern of a vessel may yield biased samples due to active and
passive avoidance responses to turbulent propeller wash.
towing speeds, the size of the net mouth is an important
r affecting sampling efficiency (Bowles et al., 1978). There was
per cent difference in the effective area of the mouth openings
le two trawls tested. However, we believe the size ofthe net mouth
lot a major factor influencing sampling efficiency in these tests.
Speed of the tow can be increased to reduce gear avoidance by larger
fishlarvae (Aron et al., 1975; Noble, 1970; Bernhard et al., 1973; Quirk,
Lawler, and Matusky, 1974). However, speed of the tow was similar
for both trawls tested.
The Tucker trawl was consistently more efficient in sampling YOY
shad. Our research provides the correction factors necessary to compare catches of YOY shad from frame and Tucker trawls.

Klow
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ABSTRACT
The Witts Springs Formation was proposed as a lithostratigraphic unit in north-central Arkansas to
include the interval from a horizon equivalent to the base of the Prairie Grove Member, Hale Formation
to the top of the Bloyd Formation, of the type Morrowan Series, northwestern Arkansas. The top of the
Witts Springs Formation was regarded as being unconformably succeeded by the middle Pennsylvanian
Atoka Formation. Recent investigation of this unit in its type area has shown that the presumed Atokan
Sandstone is actually a unit confined to the Bloyd Formation. Thus, the type section of the Witts Springs
inSearcy County, Arkansas only comprises the Prairie Grove and Brentwood interval. This determination
is supported by the recovery of the conodonts Idlognatholdes sinuatus, Neognathodus symmetrlcus
and Idiognathodus delicatus, and the ammonoids Arkanites, Branneroceras and Gastrioceras from
a succession of calcareous units below the middle Bloyd sandstone throughout the type Witts Springs
and other sections in the type region. The Witts Springs should continue to be interpreted in the sense
of its original definition, although a supplementary reference section isneeded for the upper Witts Springs
which spans the Morrowan- Atokan boundary with removal of the Trace Creek from the Morrowan.

INTRODUCTION

The lower and middle Pennsylvanian Hale and Bloyd Formations
form the type Morrowan Series ofnorthwest Arkansas. These rocks
unconformably overlie Mississippian strata and they are succeeded unconformably by the Atoka Formation ofmiddle Pennsylvanian age.
A dramatic facies change characterized by increased sandstone
development occurs eastward across northern Arkansas inthe Morrowan
units. Only the Cane HillMember ofthe Hale Formation is continuously
mappable eastward and ithas been raised to formation level innorthcentral Arkansas (Glick and others, 1964).
The Witts Springs Formation was proposed as the stratigraphic
equivalent of the Prairie Grove Member of the Hale Formation and
the entire overlying BloydFormation (Glickand others, 1964) inrecognition of the facies changes occurring in the interval. In north-central
Arkansas, the Witts Springs unconformably overlies the Cane HillFormation and is overlain by the Atoka Formation.
Asandstone, informally called the middle Bloyd sandstone, caps most
of the hills in north-central Arkansas and has been mistaken for the
first Atokan sandstone (Zachry and Haley, 1975). Recent studies
suggest that the middle Bloydsandstones rather than the Atoka Formation, caps the Witts Springs at its type section. This situation alters
the recognition of the Witts Springs as a formation and that problem
has served as the focus of this study.
CONODONT AND AMMONOID BIOSTRATIGRAPHY

Both conodonts and ammonoids were recovered from calcareous
lenses within the Witts Springs at its type section and other nearby

localities (Fig. 1). Although biostratigraphic data is not as complete
as desirable, zonations for both these faunal groups are wellknown
from the type Morrowan succession.
The Morrowan conodont sequence of northwestern Arkansas was
refined by Lane (1977) and two Morrowan conodont zones were identified withconfidence. In addition, a third may be represented at the
base of the Witts Springs at its primary reference section (RS). Figure
2 lists the sample horizons and abundances of the various conodont
elements recovered in this study which are illustrated in figure 3.

22

Figure 1. Stratigraphic columns illustrating measured sections and conodont
and ammonoid occurrences in the Witts Springs Formation inits type area.
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LOWER WITTS SPRINGS FORMATION
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Figure 2. Conodont occurrences and abundance from samples of the
Witts Springs Formation, north central Arkansas. Section locations and
sample horizons shown on Figure 1

.

Idiognathoides sinuatus Zone

—

The zonal name bearer (Fig. 3) was
recovered from the base ofsection RS inassociation with the ammonoids
Arkanites and Cancelloceras (Fig. 1). Isolated, impoverished assemblages
withthis form are difficult to date since it ranges into the Atokan Series.
Arkanites and Cancelloceras normally occur with the conodont
Neognathodus symmetricus which succeeds /. sinuatus as a zonal
index in the type Morrowan sequence (Manger and Saunders, 1980).
Thus, the base ofsection RS may fall in the N. symmetricus zone.

—

Zone This zone succeeds Idiognathoides
Grove and lower Brentwood at their type
the Hale-Bloyd boundary (Lane, 1977).
nges from the appearance of Neognathodus symmetricus to the

I\nathodus

symmetricus

mis in the upper Prairie
3ns and therefore spans

occurrence ofNeognathodus bassleri (Lane, 1977). The lower part
typically coincident withthe appearance of the Arkanites
'us-Cancelloceras huntsvillense ammonoid assemblage and that
nation was encountered at the type section of the Witts Springs

is zone is

—

Idiognathodus delicatus Zone
This zone is defined by the overlapping ranges of Neognathodus bassleri and Idiognathodus delicatus.
The upper part of the Branneroceras branneri-Gastrioceras fittsiammonoid Zone correlates with the interval of this conodont zone. Atthe
type Morrowan area, these zones occur in the upper Brentwood Member
and elsewhere in strata thought to be marine equivalents of the Woolsey

Member of the Bloyd Formation. This ammonoid and conodont association was found at section RS within the Witts Springs area (Fig. 1).
monoid biostratigraphy of the Morrowan series has been discussed
ail by Saunders and others (1977) and Manger and Saunders (1980).
ammonoid zones were identified with assurrance while the zonal
bearers of two older zones were found together at the base of
m WSE, but appear to be reworked.

Ii

Retites-Quinnites
and

—

Single specimens of Retites semiretia
occurrence
henbesti were found at the base of section WSE (Fig. 1). These
taxa are the respective zonal name bearers of the basal two Morrowan
ammonoid zones (Manger and Saunders, 1980). Both specimens are
discolored, abraded and appear reworked. Unfortunately, no conodonts
were recovered from the horizon.

Figure 3. Conodonts from the Witts Springs Formation. Figured
specimens 1-4 are from the Falling Water Creek Section. Figured
specimens 5-15 are from the Witts Springs Reference Section. All
illustrations are SEM photographs and are X45. 1-3: Neognathodus
symmetricus (Lane); 4-9: Idiognathoides sinuatus (Harris and Hollexpansus (Igo and Koike);
ingsworth); 10: Streptognathodus
II: Adetognathus lautus (Gunnell); 12: Neognathodus bassleri (Harris and Hollingsworth); 13,14: Neognathodus symmetricus (Lane);
15: Idiognathodus delicatus (Gunnell).
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Branneroceras branneri Zone
Branneroceras branneri was found at
sections KMS and RS (Fig. 1). This distinctive form is a world-wide
marker for the base of the Westphalian Series which also corresponds
to the appearance of Gastrioceras. That form was found at section RS
and WSN (Fig. 1). Both taxa appear at the top of the Brentwood
Member at its type section and range through the marine equivalents
of the Woolsey Member. The ammonoid association usually occurs with
conodonts of the Neognathodus bassleri and succeeding Idiognathodus
delicatus zone. At section WSN, Gastrioceras occurs with N. symmetricus; this association is not known inthe type Morrowan region,
and the N. symmetricus may be reworked.
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STRATIGRAPHIC IMPLICATIONS
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The interval equivalent to portions of the Prairie Grove at the type
Witts Springs appears to be essentially the same lithology as it is in
Washington County, except for being much thinner. The ArkanitesCancelloceras ammonoid zone was found with the Neognathodus
symmetricus conodont zone at the base of the Witts Springs at the
localities RS and TWS. This zone occupies the middle of the Prairie
Grove Member of the Hale Formation, and lack of lower Prairie Grove
age equivalents may be due to increased duration oferosion at the Cane
Hill-Witts Springs contact. Reworking ofammonoids and conodonts
at section WSE in the base of the Witts Springs supports this idea.
The interval equivalent to the Brentwood within the Witts Springs
changes dramatically in appearance and thickness compared to the
Brentwood at its type section. The Brentwood interval is nearly three
times thicker in central Arkansas and changes from quartz-bearing
limestone and shale to an alternation of sandstone and shale.
Conodonts and ammonoids indicate that the Witts Springs inits type
area is equivalent to the Upper Prairie Grove and Brentwood interval
of the type Morrowan succession. No conodonts or ammonoids suggestive of Morrowan intervals higher than the Brentwood were found
in the type region of the Witts Springs Formation beneath the presumed middle Bloyd sandstone.

We wish to thank Walker L. Manger, Professor of
Geology, University of Arkansas for his help in the
supervision of this research and the preparation of this
manuscript. Thanks also to Kenneth F. Steele, Associate
Editor for Geology for the helpful review of an earlier

CONCLUSIONS
There seems to be littlevalue in a lithostratigraphic unit equivalent
only to the Prairie Grove-Brentwood interval. This situation would leave
strata above the middle Bloyd sandstone unnamed and would be
difficult to recognize with the absence of the middle Bloyd sandstone
inthe eastern portion ofnorthern Arkansas. Therefore, the Witts Springs
should be interpreted along the lines originally intended rather than
relations at the type section. The base of the formation is easily seen
as a change from thin bedded shale-siltstone succession of the Cane
Hillto the massive, conglomeratic, basal sandstone of the Witts Springs.
The Morrowan sequence above the middle Bloyd sandstone is totally
shale east ofMadison County because the Kessler disappears. Theloss
of the Kessler causes the Morrowan-Atokan boundary to be a shaleon-shale contact. Therefore, the first massive sandstone of the Atoka
should be chosen to represent the upper contact of the Witts Springs
because of its mappability, although this proposal requires extensive
study. By this definition, the Witts Springs Formation spans the
Morrowan-Atokan boundary since the Trace Creek shale has been
removed to the Atoka Formation (Sutherland and Manger, 1983).
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A COMPARISON OF TWO YEAR CLASSES OF
HYBRID GRASS CARP AND GRASS CARP
FOR AQUATIC PLANT CONTROL
MIKEFREEZE and SCOTT HENDERSON
Arkansas Game and Fish Commission
No. 2 Natural Resources Drive
Little Rock, Arkansas 72205

ABSTRACT

Two year classes of grass carp and F, hybrids resulting from bighead carp male x grass carp female
were compared at various stocking densities for aquatic plant control. One and two year old grass carp
exhibited higher survival rates and better growth rates than the same age hybrid grass carp. The presence
of grass carp or hybrid grass carp decreased both Secchi disc transparencies and dissolved oxygen values.
Grass carp had a greater negative effect upon these measurements because they removed the vegetation quicker than the hybrid grass carp. These apparent detrimental effects on water quality are necessary
trade-offs for vegetation removal by any method.
Grass carp and hybrid grass carp utilized Chara sp., Potamogeton pectinatus, Hydrodicton sp.,
Rhizoclonia sp., and Pithophora sp. Two year old hybrid grass carp required approximately twice as
much time as the same age grass carp to eliminate dense growths of the vegetation listed above. One
year old hybrid grass carp were slightly less effective than one year old grass carp at controlling these
same plant species. However, it was extremely difficult for one or two year old hybrid grass carp to totally eliminate dense growths of these plant species except at high stocking densities. The use of mean
vegetation heights to indirectly measure total plant biomass was unacceptable whenever unpreferred floating
plant species were present. The hybrid grass carp appeared to be a poor alternative biological control
for nuisance aquatic vegetation when compared directly to the grass carp.

INTRODUCTION

Problems with aquatic plant growths exist inmost parts of the United
States in varying degrees (Hamilton, 1977; Colle et al., 1978; Mitzner,
1978). Many problem plants are nonnative species that have spread at
alarming rates innew environments. They abstruct water flow, impede
drainage, interfere with recreational uses, and occasionally pose health
four basic methods of controlling noxious aquatic plants are
lical, mechanical, physical, and biological. Chemical control is costesults are temporary, and in many cases control is not attained
zner, 1978). Chemical control is also potentially hazardous to the
igical balance of a pond, lake, or river, as well as to man himself
;en and Smitherman, 1971). Mechanical control is also very
)orary and extremely expensive (Bailey, 1972). Physical manipula> are restricted by economical considerations, climatic conditions
the physical parameters ofcertain bodies of water. When physical
ipulations are implemented, they can be quite effective. Biological
rol can be relatively inexpensive, longlasting, and ecologically safe.
Although several species of fishes have shown promise in controllingunwanted vegetation (Kilgen and Smitherman, 1971), the grass carp
(Ctenopharyngodon idella) was reported by Swingle (1957) as one of
the most promising fish species for controllingrooted aquatics. Grass
carp were first introduced into the United States in1963 at the Fish
Farming Experimental Station, Stuttgart, Arkansas and at Auburn
University, Auburn, Alabama (Stevenson, 1965; Guilloryand Gasaway,
1978). Although two decades have passed since this introduction, grass
carp have remained a highly controversial and emotional subject among
fisheries administrators and biologists. At the base of this controversy
is the fear that grass carp might become established in natural waters
and compete withnative species for food and livingspace (Kilgen and
Smitherman, 1971; Forester and Lawrence, 1978). Restrictions on the
importation and possession of grass carp inmany states (Cassani, 1981)
have created a need for an alternative to the grass carp for biological
control of nuisance aquatic vegetation.
the work of Marian and Krasznai (1978) as a base, the
uisas Game and Fish Commission produced the F, hybrid of female
s carp and male bighead carp (Aristichthys nobilis) in May 1979.

Iie

Bsing

Initially, all progeny of this cross were determined to be triploidand
were, therefore, assumed to be sterile (Beck et al., 1980). Since the sterility of the hybrid grass carp would allay most of the fears associated
with the natural reproduction and establishment of the normal diploid
grass carp, the triploidhybrid was a suitable candidate for biological
plants in managed and unmanaged waters.
Subsequent investigations (Drs. Beck and Biggers, pers. comm.,
Memphis State University, Memphis, Tennessee) have revealed that some
F, hybrids are diploids. The percentage of diploids obtained is quite
variable (near lOfWo to near 0"%) and may be controlled by the mechanics
of the hybridization production technique (Mr. J. M. Malone, pers.
comm.).
Under controlled laboratory conditions, ithas been reported that small
triploid hybrid grass carp and grass carp have similar vegetation
preferences and food consumption rates (Kilambi and Zdinak, 1980),
and exhibit similar feeding behavior (Cassani, 1981). However, a com-

control of unwanted

parison of these two fishes in natural conditions and at different sizes
was necessary, since the food preferences and consumption rates of
triploid hybrid grass carp might change with fish size and age since
several investigators have reported size related food preference and
consumption rate changes in grass carp (Buck et al., 1975; Meyer et
al., 1975; Stanley et al., 1978). This investigation was undertaken to
compare two year classes of triploid hybrid grass carp and grass carp
with respect to aquatic vegetation preference and consumption.
METHODS

Ten 0.4 ha earthern ponds at the Joe Hogan State Fish Hatchery in
Lonoke, Arkansas, were filled with water and innoculated with several
species of aquatic vegetation in March of1981 Species introduced were
Potamogeton pectinatus, Chara sp., Hydrodicton sp., Pithophora sp.,
Rhizoclonia sp., and Spirogyra sp. These ponds averaged 0.98 m in
water depth: water was periodically added to maintain equal water
depths in all ponds.
Vegetation sampling was conducted at three week intervals starting
on 24 April,1981 Sampling methodology was similar to that ofBuck
et al. (1975), CoUe et al. (1978), Mitzner (1978), and Lembi et al. (1978).
This method consisted of making transects in each pond diagonally from
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the southeast corner to the northwest corner. Point estimates of plant
species, height of vegetation, and water depth were recorded at 5 m
intervals along each transect. Three 1 rn vegetation samples were
collected at approximately 25 m intervals along the transect ineach pond,
separated by species, and oven dried for 24 h at 105 C for the determination of dry weights. Dissolved oxygen and temperature were
recorded at the 0.5 m water depth inthe catch basin of each pond at
0900 hours foreach three week period inconjunction with the vegetation sampling. Secchi disc measurements were also determined at this

site.

InMay of 1981, the 10 ponds were divided into four sets on the basis
of preliminary vegetation sampling. Two sets of three ponds each and
two sets of two ponds each were then randomly stocked with triploid
grass carp hybrids, and grass carp from each of the two year classes.
This grouping was done inorder to insure that ponds dominated by
the same plant species would be paired. One pond from each of the
pond sets served as non-fish stocked controls.
On 6 May 1981, eight ponds were stocked with grass carp or grass
carp hybrids utilizingtwo different year classes of fish at varying stocking
densities (Table 1). Observed stocking mortalities were replaced
during the first week of the study. Ponds were harvested upon eradication of vegetation or at the end of the study during the last week of
July, 1981.
Upon harvest, ploidydetermination was made on approximately 50
hybrid grass carp from each year class by Andrew J. Mitchell of the

Control

more susceptible to predation, since Secchi disc transparencies (Figures
1 and 2) were generally greater inhybrid grass carp ponds than in grass
carp ponds.

Table 2. Harvest

of grass carp and

parameters

»•

hybrid grass
Avenge

ssrr-,.1.
issif
£tsr
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lB!j
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««r
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Stuttgart Fish Farming Experimental Station utilizing the red blood cell
nuclear volume technique described by Beck and Biggers (1981).

.

Table 1 Stocking parameters of grass carp and hybrid grass carp.
Pond
nunber

Pond

set

Year
Class

Species

Average
No. fish total
per ha
length (mm)

Average
weight

16

A

Grass

carp

1979

951

365

426

14

A

Hybrid grass carp

1979

951

360

457

15

A

Control

1

B

Grass carp

1979

370

365

426

2

B

Hybrid grass carp

1979

360

457

3

B

Control

—

370

1980

988

122

19

1980

988

224

107

1980

494

173

52

1980

494

224

107

4

C

Grass carp

5

C

Hybrid grass

6

D

Grass carp

7

D

Hybrid grass

carp

carp

(g)

RESULTS AND DISCUSSION
Fish

Stocking

rates, survival percentages and growth data of the grass carp
and the F, hybrid are contained inTables 1 and 2. There were no significant differences ininitial stocking lengths or weights between 1979 year
class grass carp and 1979 year class hybrid grass carp. However, the
.05) inlength
1980 year class grass carp were significantly smaller (P
and weight than the 1980 year class hybrid grass carp at stocking.
Ploidy determination of 44 hybrid grass carp from the 1979 year class
revealed that 43 fish were positively triploid and that the remaining fish
was probably a triploid.Fifty hybridgrass carp from the 1980 year class
were also examined. Forty-eight of these fish were triploids, one fish
was probably a triploid, and one fish was a diploid.
Grass carp survival rates exceeded 95% and were greater than those
reported by Colle et al. (1978) or Lembi et al. (1978) for similar size
fish. The 1979 year class hybrid grass carp exhibited a survival rate of
88.1%, while the smaller 1980 year class hybrid grass carp experienced
a 65.5% survival rate. Since dead fish were not observed inany pond
after initial stocking mortalities, these losses were probably the result
of predation bymink, snakes, or wading birds (Colle et al., 1978; Lembi
et al., 1978; Thomas et al., 1979). Hybrid grass carp may have been

26
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Figure 1 Secchi disc transparencies at three week intervals beginning
May 3, 1981, in ponds receiving no fish (3 and 15), 1979 grass carp
(1 and 16), or 1979 hybrid grass carp (2 and 14). Ponds 1 and 2

received 61 fish per ha and ponds 16 and 14 received 156 fish per ha.
Ponds 16, 15, and 14 constitute set Aand ponds 1, 2, and 3 constitute
set

B.

Growth of grass carp and

weights

than the 1980 year class
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hybrid grass carp cannot

be

directly

compared since the ponds were harvested at different times. However,
average daily growth increments can be compared, since ample vegetation for fish growth was always present prior to harvest. The 1979 year
class carp exhibited average daily length increments that were 2.5 and
3.4 times greater than those of 1979 year class hybrid grass carp at
densities of156 and 61 fish per ha, respectively, and average daily weight
increases for 1979 year class grass carp at these respective densities were
4.7 and 4.8 times greater than those of 1979 year class grass carp (Table
2). Since the different initialsizes of1980 year class grass carp and hybrid
grass carp might distort comparisons between their daily growth rates,
these comparisons are not presented. However, inall instances the 1980
year class grass carp exhibited greater daily increases in lengths and
hybrid grass carp (Table 2).
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W»ter Quality

Secchi disc transparencies (Figures 1 and 2) generally decreased in
allponds during the study. Decreases in Secchi disc transparencies greater
than 25 cm were not noted in control ponds 3 and 15 until
sample periods 5 and 6, respectively. Ponds containing fish, however,
usually exhibited decreases greater than 25 cm much earlier. Lembi et
al. (1978) observed increased turbidity levels in ponds containing grass
carp. These increases correspond to decreased Secchi disc transparencies, since Secchi disc measurements are an indicator ofvisibility(Welch,
1948).

Within each set of ponds, grass carp depressed Secchi disc
measurements earlier and to a greater extent than did hybrid grass carp.
Since equal numbers of fish were stocked within a set, turbidityincreases
resulting from fish movements and activities probably would not have
accounted for these differences. Although plankton populations were
not monitored, itis believed that the grass carp exerted agreater negative
effect upon Secchi disc transparencies than did the hybrid grass carp
bystimulating plankton production through the release ofnutrients from
macrophytes. Decreases intotal biomass ofmacrophytes within a pond
(Figures 3, 4, and 5) were reflected by decreased Secchi disc values at
the same or next sample period (Figures 1 and 2).
SAMPLE PERIOD
Figure 3. Plant biomass at three week intervals beginning May 3, 1981,
in set Aponds receiving no fish (15, 1979 grass carp (16), or 1979 hybrid
grass carp (14). Ponds 16 and 14 received 951 fish per ha.

1

2

3
4
SAMPLE PERIOD

5

6

B;

2. Secchi disc transparencies at three week intervals beginning
,1981, in ponds receiving 1980 grass carp (4 and 6) or 1980 hybrid
carp (5 and 7). Set C ponds (4 and 5) received 162 fish per ha
;t D ponds (6 and 7) received 81 fish per ha.

and means ofsurface temperatures and dissolved oxygen levels
e ponds are illustrated in Table 3. Pond temperatures ranged from
35 C and never differed among ponds by more than 2C at any
impling date. Pond temperatures were always greater than 14 C
Colle et al. (1978) reported as the temperature where grass carp
ited a marked decrease in growth.
Dissolved oxygen levels were always above 4ppm inall ponds which
>s sufficient to maintain fish. Within pond sets Aand B, control ponds
(15 and 3) exhibited the highest mean oxygen levels, hybrid grass carp
ponds (14 and 2) had intermediate mean oxygen values, and grass carp
Ponds (16 and 1) exhibited the lowest mean oxygen values. Hybrid grass
carp ponds (5 and 7) in sets C and D, also, had mean oxygen levels
greater than their respective grass carp ponds (4 and 6). Thus, the
presence ofgrass carp or hybrid grass carp decreased dissolved oxygen
values. Grass carp had a greater negative impact upon these values than
did hybrid grass carp. This reduction in dissolved oxygen levels is
probably a necessary trade-off for vegetation removal.

Iiges

SAMPLE PERIOD
Figure 4. Plant biomass at three week intervals beginning May 3, 1981,
in set B ponds receiving no fish (3), 1979 grass carp (1), or 1979 hybrid
grass carp (2). Ponds 1 and 2 received 370 fish per ha.

Rottmann and Anderson (1977) observed that average dissolved
oxygen concentrations were greater in ponds containing grass carp than
inponds not containing grass carp. Differences in sampling times may
account somewhat for this discrepancy, since they obtained their
oxygen concentrations immediately after dawn as opposed to 0900 hours
when some photosynthesis wouldhave already occurred. The stocking
density utilized by Rottmann and Anderson of233 fish per ha was lower
than our minimum stocking density of370 fish per ha. However, this
difference in fish stocking rates should have only a minor effect on
dissolved oxygen levels.
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Table 3. Ranges and means recorded for dissolved oxygen and
temperature
Pond

values of the

pond waters.
D1ss£lve<[ oxygen

Jejgjerature (C)

number

Set
designation

range

nieafi

16

A

4.2-9.2

6.7

21-35

28.1

14

A

4.0-12.0

7.3

21-35

27.0

15

A

4.4-10.0

7.4

21-34

27.0

1

B

5.9-7.5

6.7

21-35

28.1

2

B

6.0-11.0

8.5

21-34

28.0

3

B

6.5-13.0

9.6

21-34

26.5

4

C

6.0-9.8

7.9

21-34

26.5

5.0-16.0

9.0

21-35

25.7

5.75-8.0

6.6

21-35

26.5

6.0-9.B

7.2

21-35

25.8

7

D

range

mean

Figure 5. Plant biomass at three week intervals beginning May 3, 1981,
inponds receiving 1980 grass carp (4 and 6) or 1980 hybrid grass carp
(5 and 7). Set C ponds (4 and 5) received 988 fish per ha and set D
ponds (6 and 7) received 494 fish per ha.

Biomass Reduction

Plant biomass of all ponds utilized during the study is illustrated in
Figures 3, 4, and 5. Fish were added to all ponds approximately one
week prior to sample period two on 6 May, 1981 Thus, any noticeable
effects upon plant biomass probably would not be evident until four
weeks later at sample period three (three week intervals between
sample periods).
Species composition of plants within set A ponds varied from pond
to pond as time progressed (Figure 3). Atsample period one (24 April,
1981) Hydrodicton sp. dominated all set A ponds comprising at least
62.4% of the initial plant biomass in each pond. Ponds 14 and 16 in
set A received 1979 year class fish at 951 fish per ha prior to sample

.

28

period two. By sample period two Hydrodicton sp. and Potamogeton
pectinatus were co-dominants in ponds 16 (51.1% and 48.9% respectively) and 14 (27.3% and 72.7% respective), while Hydrodicton sp
still dominated control pond 15 (87.8% ofplant biomass). Thereafter
Potamogeton pectinatus comprised at least 64.2"% of the plant biomass
in pond 14 with Rhizoclonia sp. making up the remaining biomass
present. Pithophora sp. accounted for at least 55.2% of the plant
biomass in control pond 15 after sample period two. Potamogeton
pectinatus and Chara sp. were also present in control pond 15, which
exhibited the greatest species diversity of set A ponds.
All of the plant species present in set A ponds were readily consumed by grass carp and hybrid grass carp. Various studies have
documented that grass carp willutilize Hydrodicton sp. (Lewis, 1978),
Potamogeton pectinatus (Singh et al., 1967; Mehta et al., 1976),
Pithophora sp. (Singh et al., 1967; Lembi et al., 1978; Lewis, 1978)
and Chara sp. (Kilgen et al., 1978). The only information available concerning hybrid grass carp utilization of the plant species present in set
A ponds was that Chara sp. was a preferred food (Cassani, 1981).
Species diversity of plants within set B ponds was quite complex. At
sample periods one and two, ponds 1 and 2 were dominated by
Potamogeton pectinatus, which comprised at least 61.7% of the biomass
in each pond. At sample period two, pond 1 also contained significant
amounts ofHydrodicton sp. (31.4%) and Chara sp. (6.9%) while pond
2 contained significant amounts ofRhizoclonia sp. (11.8%) and Chara
sp. (10.3%). Bysample period three in pond 1 and by sample period
four in pond 2 only Potamogeton pectinatus and Rhizoclonia sp.
remained as co-dominants ineach pond. Hydrodicton sp. comprised
87.2% and 72.0% of the plant biomass in control pond 3 at sample
periods one and two, respectively. However, by sample period three,
Hydrodicton sp. was no longer present in control pond 3 which
contained 42.8% Rhizoclonia sp., 36.2% Potamogeton pectinatus, and
20.9% Chara sp. Bysample period six,Pithophora sp. made up 66.1%
of the plant biomass in control pond 3 withPotamogeton pectinatus
accounting for the remaining 33.9%.
Ponds 1 and 2 inset B (Figure 4) received 1979 year class fish at 370
fish per ha. The two year old grass carp eliminated the vegetation in
pond 1 by sample period four but vegetation was still present at
project termination in pond 2 which contained the two year old hybrid
grass carp. After sample period two, control pond 3 exhibited the highest
plant biomass of set B ponds.
By examining peak biomass occurrences for each plant species in
ponds containing fish compared to fish free control ponds, certain
feeding selectivities were observed. At the lower stocking density utilized
in set B ponds (370 fish/ha) the two year old grass carp exhibited a
preference for Potamogeton pectinatus and Chara sp. over Rhizoclonia
sp. Menta et al. (1976) also observed a similar preference by small grass
carp for Chara sp. and Potamogeton pectinatus. The two year old hybrid
grass carp at the same stocking rate selected Potamogeton pectinatus

over Rhizoclonia sp. and Chara. This was contrasted to the observations ofCassani (1981) who reported that Chara sp. was preferred by
hybrid grass carp over six other submersed plant species. The higher
stocking density utilized inset Aponds (971 fish/ha), prevented feeding
selectivities from being observed since biomass reduction occurred
quickly.

Ponds 4 and 5 in set C were dominated throughout the study by Chara
sp. which comprised at least 73.6% of the biomass present. Both ponds
received the higher stocking density of1980 fish at 988 fish per ha. The
one year old grass carp eliminated all vegetation in pond 4 by sample
period four (Figure 5) and the one year old hybrid grass carp eliminated
all vegetation in pond 5 by sample period five. As previously stated,
Chara sp. is utilized by both grass carp (Kilgenand Smithermen, 1971;
Willey et al., 1974; Mehta et al., 1976; Lembi et al., 1978) and hybrid
grass carp (Cassani, 1978).
Ponds 6 and 7 in set D (Figure 5) were stocked with one year old
fish at the rate of 494 per ha. These two ponds developed dense plankton
blooms immediately after fish stocking as measured by Secchi disc
transparencies (Figure 2). Dense growths of aquatic macrophytes did
not occur prior to or after fish introduction, so little can be stated
concerning

their reduction.
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Vegetation Height
Average heights of vegetation in all ponds utilized inthe study are
depicted in Figures 6, 7, and 8. Vegetation heights were greatly influenced
by the plant species present, since the occurrence of floating species
heights. Wind direction and intensity, also, afresulted in increased
fected vegetation heights by windrowing the floating species along pond
edges.

Vegetation heights in set A (Figure 6) and set B (Figure 7) ponds which

the 1979 year class of fish stocked at 951 and 370 fish per
ha generally reflected the same trends as the plant biomasses inthese
(Figures
3 and 4). Set Aponds always contained large amounts
ponds
sp. and Rhizoclonia
of the floating species: Hydrodicton sp., Pithophora
sp. Pond 2 which contained the lower stocking density of 1979 hybrid
grass carp showed an increase in vegetation height at each period until
sample period six. Aninverse relationship occurred inpond 2 between
vegetation height and plant biomass (Figure 4) due to a sparse covering of Rhizoclonia sp. in pond 2 during the study.
Mean vegetation heights of set C and D ponds (Figure 8), which
received the 1980 year class of fish at 988 and 494 fish per ha reflected
the plant biomasses of these ponds (Figure 5). The similarity in trends
between mean vegetation height and plant biomass in these ponds
probably resulted from the fact that their biomasses were comprised
primarily of the submerged plant species: Chara sp. and Potamogeton
pectinatus. Mean vegetation height does not adequately reflect plant
biomass when unpreferred floating plants comprise a larger portion of
the plant biomass present.

contained

CONCLUSIONS

3
SAMPLE

4

PERIOD

Figure 7. Mean vegetation height at three week intervals beginning May
3, 1981, in set B ponds receiving no fish (3), 1979 grass carp (1), or
1979 hybrid grass carp (2). Ponds 1 and 2 received 370 fish per ha.

hybrid grass carp, while not as effective as the grass carp in
)llingaquatic macrophytes, appears tobe an alternative biological
dI fornuisance aquatic vegetation. Stocking rates for the hybrid

i:

carp willhave to be higher than for grass carp to obtain the same
e ofcontrol as with the grass carp. The effectiveness of hybrid
carp at lower stocking densities over longer time periods needs
further evaluated.

3
4
SAMPLE PERIOD

§e

6. Mean vegetation height at three week intervals beginning May
H, in set A ponds receiving no fish (15), 1979 grass carp (16) or
hybrid grass carp (14). Ponds 16 and 14 received 951 fish per ha.

SAMPLE

Figure 8. Mean vegetation height at three week intervals beginning May
3, 1981, in ponds receiving 1980 grass carp (4 and 6) or 1980 hybrid
grass carp (5 and 7). Set C ponds (4 and 5) received 988 fish per ha
and set D ponds (6 and 7) received 494 fish per ha.
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SPAWNING THE GRASS CARP FEMALE
X BIGHEAD CARP MALE
MIKE FREEZE and SCOTT HENDERSON
Arkansas Game and Fish Commission
No. 2 Natural Resources Drive
Little Rock, Arkansas 72205
ABSTRACT
Methods and procedures for artificiallyspawning the female grass carp (Ctenopharyngodon idellaj
X male bighead carp (Aristichthys nobilis) are presented. Broodstock selection and treatment,
hormone injections, ovulation, fertilization, hatching techniques and stocking rates are discussed. This
paper outlines the procedures necessary to successfully produce hybrid grass carp.

INTRODUCTION
control aquatic vegetation
Several fish species have been tested
(Kilgenand Smitherman, 1971), but the grass carp (Ctenopharyngodon
idella)has been reported to be one ofthe most promising (Swingle, 1957).
Grass carp were introduced into the United States in 1963 by personto

nel at the U. S. Fish and Wildlife Service's Fish Farming Experimental
Station, Stuttgart, Arkansas and at Auburn University, Auburn,
Alabama (Stevenson, 1965; Guillory and Gasaway, 1978). Although
two decades have passed since this introduction (Baily,1974), the grass
carp remains highly controversial because some biologists fear that this
fish may reproduce and become established in natural waters (Kilgen
and Smitherman, 1971; Forester and Lawrence, 1978). Restrictions on
the importation of grass carp in many states (Cassani, 1981) created
a need for an alternative species for nuisance aquatic vegetation control that would allay most fears associated with the grass carp, primarily
reproduction and environmental degradation. Therefore, inMay 1979,
the Arkansas Game and Fish Commission produced the F, hybrid of
female grass carp and male bighead carp (Aristichthys nobilis). The Fish
Farming Experiment Station working inconjunction with J. M.Malone,
a commercial fish farmer, produced the hybrid during the same season.
Marian and Krasznai (1978) had reported the successful production of
this intergeneric hybrid in Hungary and their work stimulated the
initial interest in this hybrid in the U.S.
Although the total progeny of the 1979 year class cross were initially
reported to be triploid and expected to be sterile (Beck et al. 1980),
subsequent investigations (Drs. Beck and Biggers pers. comm.) revealed that some hybrids in the 1980 and 1981 year classes were diploids.
It has not been confirmed that the 2N (diploid) hybrid is sterile although
Tom Jackson, Columbia National Fisheries Center, U. S. Fish and
Wildlife Service, Denver, speculates that the diploid hybrid is sterile
based on other available literature (pers. comm.). The percentage of
diploids present varies and altering production techniques may increase
the triploid to diploid ratio (Mr. J. M.Malone, pers. comm.). Acceptability of the hybrid as a substitute for grass carp will be directly
linked to the question of sterility, since most fears associated withgrass
carp concern its reproductive potential (Bailey, 1972). Many researchers
are investigating the efficacy of the hybrid grass carp for aquatic vegetation control as evidenced by a special session on the "Hybrid Grass
Carp: Biology, Management, and Potential for Aquatic Plant Control"
conducted at the 1lth Annual Meeting of the American Fisheries Society,
Joe Hogan State Fish Hatchery in Lonoke, numerous inquiries
been received from federal, state, and private facilities concern-

t he

pecific procedures for production ofthe hybrid grass carp. A report
owning and rearing of grass carp inArkansas (Bailey and Boyd,
Idescribing initial attempts at spawning the grass carp and a publicacontaining information on spawning the bighead carp (Hender1979) have been the only sources ofavailable information that could
rnished to interested persons. Procedures outlined in these publica-

tions must be combined and modified to be used successfully.
Information concerning the spawning of the hybrid grass carp has not
been previously published. This paper consolidates information from
publications by Bailey and Boyd (1970) and Henderson (1979) and
incorporates several refined procedures for the production of hybrid
grass carp.

BROODSTOCK SELECTION AND TREATMENT

The selection of gravid, mature, healthy broodstock cannot be over
emphasized. Most unsuccessful attempts at producing hybrid grass carp
can be attributed directly to fish that were immature or in poor

condition.
Brood tish can be maintained throughout the year at the rate of250
individuals per ha or at 25 individuals per ha inpolyculture withcatfish broodstock. Grass carp or grass carp and catfish in polyculture
should be fed daily a manufactured extruded (floating) catfish feed at
about 3.0<% of their body weight or 35 kg per ha, whichever is less.
Feeding should be discontinued when dissolved oxygen levels in the pond
are less than 3 ppm. During the winter months, feeding rates should
be reduced to 2.0% of body weight or 10 kg per ha, whichever is less.
Many bighead carp males are sexually mature at year three, but grass
carp females typically do not mature sexually until year four. Sexually
active bighead carp males exhibit pearl organs on the dorsal side of the
pectoral fins: these fins are rough and abrasive in the spring. Male
bighead carp can usually be manipulated inthe spring (even before a
hormone injection) to release a small amount ofmilt.On the basis of
these two characteristics itis easy to separate sexually active male bighead
carp from females and sexually inactive males.
Sexually mature female grass carp exhibit distended abdomens that
are flaccid as a result of egg content. For fryproduction purposes, grass
carp females heavier than 5 kg are preferred over smaller females. In
Arkansas, broodstock selection and spawning is usually performed in
early May. Brood ponds are seined and fish carried in wet burlap bags
to tanks containing oxygenated pond water for transport to the spawning
building. Generally, the male bighead carp and female grass carp are
held in separate tanks during the hormone injection phase. Allbrood
fish should be held in water at temperatures near 23 C during the
hormone injection series. Sufficient agitation, aeration, and water
exchange must be provided to maintain dissolved oxygen levels above
5 ppm. Holding tanks must be covered to prevent broodfish from
jumping out of the tanks.
Broodstock may be treated daily with a prophylactic continuous bath
treatment of500 ppm furacin or 1ppm acriflavin before hormone injections are administered. After the injection series has been initiated,
all treatments should be discontinued since the fish should be disturbed as little as possible. Generally, broodfish should be kept in
holding facilities for only a few hours before starting the injection series
since the fish may become quickly damaged, especially in concrete tanks.
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HORMONE INJECTIONS
The Arkansas Game and Fish Commission has evaluated several
hormone dosage levels and injection schedules (Bailey and Boyd, 1971;
Henderson, 1979) and found the procedure presented in Table 1 to be
the most predictable even though others have been used satisfactorily.
Fish are captured head first and restrained in burlap sacks during the

injection period. The human chorionic gonadotropin preparation is
administered intramuscularly with a 22-guage needle into the dorsal
musculature. The dry carp pituitary preparation is administered
intraperitoneally with an 18-gauge needle through the base of a pelvic
fin. The larger needle is necessary for the pituitary preparation, since
the acetone dried pituitary tissue is suspended in sterile water and does
not dissolve. Anylarge clumps of pituitary tissue that willnot go through
the needle may be discarded. No more than 2 cm' of liquidper injection should be given to a fish.
Although male bighead carp receive only a single injection ofeither
hcg or dry carp pituitary, female grass carp receive a series of three
injections at intervals of 24 h. It is advisable to vary the last injection
given to the female grass carp so that no more than two or three fish
are scheduled to ovulate at one time. The time adjustment of this last
injection ( + 6h from the stipulated 24 h interval) does not appear to
adversely affect ovulation success. Ifmale bighead carp are limited,
they may be reinjected with220 IU/kg of hcg each day for reuse the
next day.

.

Table 1 Hormone Injection Schedule for Grass Carp Females and
Bighead Carp Males.
DB-NfVJinfJWtil WMUJO

ln
Sex

0-h

Age

fintInjection
Female

Bignead
Carp
Male

A years

or older

3 years
or older

HCG*
220 IU/fcg
(100 lU/lb)

-- -

24-h
Second

Injection

HCG
1,870 IU/kg
(8S0 li./li.)
First

*pproxii»ate Tlat
36-h

TillSpinning

TMrd Injection
Dry Carp Pituitary**
2.2 mg/kg
{ 1 «g/lb)

Injection

HCS
100 IU/kg
{45 IU/lb)

- --

and eggs are simultaneously placed in a dry container and stirred dry
for about one minute before water is added. Sufficient water should
be added to completely cover the eggs, and then the eggs and water
mixed. During the following 10 minute period for water hardening, the
water on the eggs should be decanted and fresh water added two to
three times to remove blood, dead eggs and other tissues and fluids.
The number of eggs can be estimated volumetrically after water hardening and, ifMcDonald hatching jars are used, about 100,000 eggs can
be put in each jar.
HATCHINGAND STOCKING

Grass carp eggs are semibuoyant and ifheated water supersaturated
withgases is used to hatch the eggs, it is practically impossible to keep
the eggs inthe hatching jars. Therefore, eggs may be allowed to overflow
into aquaria where actual hatching will take place in 24 to 36 hours
at water temperatures between 22 and 24 C. In some facilities, a head
trough with agitation has been employed to "beat out" the excess gases
and to insure that the dissolved oxygen level is near saturation. Each
38 1 aquarium can accommodate 100,000 to 150,000 fry. Water inflow
into the aquaria should be manipulated so that the eggs are constantly
in motion and water outlets should be screened to prevent egg loss.
Duringhatching, these screens must be cleaned periodically to prevent
overflow and loss of eggs and fry.
Fry ponds should be fertilized and insect predators controlled as
outlined for striped bass fry culture (Bonn et al., 1976). Fry should be
stocked into prepared ponds four days after hatching at a rate of about

250,000 fryper ha. Hybrid grass carp fry do not require supplemental
feeding unless natural food is limited or survival is greater than 50.0%.
They will readily accept any commercial minnow meal. Hybrid grass
carp survival from fry to fingerlings are inthe range of0.5% to 5.0%
due to a high incidence oflethal deformities among post-larvae and

10-12 h

CONCLUSIONS
34-36 h

Dry Carp Pituitary
0.22 ng/lg
(0.1 «o/lb)

By following these procedures it should be possible to satisfactorily
produce grass carp female x bighead carp male hybrids. Production
of hybrid grass carp by the Arkansas Game and Fish Commission has
become fairly routine with a spawning success rate of about 80% for
female grass carp and a return rate of0.5 to 5% for the pond stocked fry.
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Female grass carp should be examined beginning at 6h after the last
(third) insection: they usually ovulate from 10 to 12 hafter the last injection. However, ovulation may sometimes be delayed as much as 18
h. The abdomen of a female grass carp becomes quite flaccid when
ovulation is complete, so by simply "patting" a fish on the abdomen
as she swims by, one can determine whether ovulation has occurred.
Fish that are near ovulation usually are sluggish and remain near the

surface.
When ovulation is suspected, the fish should be placed head firstin
a burlap sack and turned upside down. Ifovulation is complete, the
fish willusually become quite rigid and begin to expel eggs ina sudden
gush. The vent should then be held shut to prevent the further discharge
ofeggs until the female can be anesthetized and dried. The eggs should
flow freely into the collecting pan when the head is held higher than
the vent. Generally, at least two male fish should be used for each female
fish. Males will have to be manually manipulated to induce the milt
discharge into the egg pan.
We prefer the dry method of fertilization (Bonn et al., 1976); sperm
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SIZE VARIATIONOF UNGRADED AND GRADED
CHANNEL CATFISH REARED IN CAGES*
DONALD C. GREENLAND
U. S. Fish and Wildlife Service
Fish Farming Experimental Station
Stuttgart, Arkansas 72160
WALTER R. ROBISON and SCOTT H. NEWTON
University of Arkansas at Pine Bluff
Department of Agriculture
Pine Bluff, Arkansas 71601
ABSTRACT

Graded and ungraded channel catfish (Ictalurus punctatus) fingerlings stocked in three partitioned
floating cages were reared for 1 40 days during the summer, 1982. Fish were fed to satiation once daily
with a commercial pelleted ration. At harvest, graded fish averaged 403 g and ungraded 362 g.
Coefficients of variation indicated graded fish were more uniform in size and a significantly greater
proportion of the graded fish were of salable size ( 340 g).

>

INTRODUCTION
Reducing size variations in cage reared channel catfish (Ictalurus
punctatus, Rafinsque) should result inincreased numbers ofsalable fish
at harvest. The technique commonly used to produce fish ofuniform
size is to stock cages withgraded fish. Inorder to reduce fish handling
stress and grading costs, it may be feasible to develop culture methods
to rear ungraded fingerlings to uniform size. One possibility, the practice of feeding to satiation, would theoretically allow all fish, regardless
of size, to realize their growth potential. This management practice,
ifproven effective, could readily be applied by farmers raising catfish

incages.
Lewis (1969) noted a relationship between variation in channel
catfish size and fighting and suggested that this was the result of the
establishment of a "pecking order." Fighting was more severe in shallow

cages (0.6 m deep), but differences ingrowth were more evident indeeper
cages (1.1-1.5 m deep). He postulated that small fish indeep cages could
escape to the bottom more readily and elude fighting. Knable (1972),
who studied the feeding responses of caged channel catfish inrelation
to several factors, concluded that feeding response and food intake
varied markedly from cage to cage. No differences were observed in
rations eaten by yearling males and females, and the presence oflarge
catfish did not adversely affect the foodintake ofsmall fish. Robison
and Newton (1982) observed that stocking cages with ungraded catfish
fingerlings resulted in large size variations among fish at harvest.
Konikoff and Lewis (1974) reported that in cage reared channel
catfish with a high initial size variation, the relative variation decreased by harvest time. They attributed the reduction insize variation
to the faster growth rate ofsmaller fish. In their study, caged fish were
fed all the feed they would eat in 30 min, once daily. Collins (1971)
also favored a feeding method whereby the amount fed was increased
daily to allow for continuous fish growth.
A cooperative study to compare the production of graded versus
nongraded catfish incages was conducted during 1982 by the Department ofAgriculture, University of Arkansas at Pine Bluffand the U.S.
Fish and Wildlife Service, Fish Farming Experimental Station,
Stuttgart,

Arkansas.

on individual tethers ina 1.2 ha pond. On 13 May 1982 one compartment in each cage was stocked with300 graded channel catfish and the
other with300 ungraded channel catfish (stocking rate, 350 fish. nn.
Fish were graded with conventional box graders with bar spacings from
1.7 to 2.3 cm. Fish were individuallyweighed at stocking and at harvest,
140 days later. They were fed to satiation once daily with 32"% crude
protein, floating, pelleted ration. The satiation feeding method was
applied to reduce the effect of food availability as a limiting factor.
Each lot of fish was given an amount of feed equal to that consumed
onthe previous day and additional feed was provided in50 g increments
until feeding ceased. Comparisons of coefficients of variation for
individual fish weights, and the proportion of graded and ungraded
fish that reached marketable size were used to evaluate this management technique. Statistical tests were evaluated at the P > 0.05 level
of significance (Snedecor, 1956).
RESULTS

Survival was nearly identical, averaging 95% for ungraded and 97%
for graded fish (Table). Average weight at stocking was 40 g for the
ungraded fish and 48 g for the graded ones (Table). At harvest, ungraded
fish averaged 362 and graded fish 403 g (Table). Neither average stocking
nor harvest weights of the ungraded or graded groups differed
significantly. Net yields were not significantly different, averaging 92
and 102 kg for the ungraded and graded lots, respectively (Table). The
coefficients of variation for individual weights of the two groups at
stocking and at harvest (Table) were significantly different, as shown
Table. Survival,

growth, net yields, and

summer, 1982.

¦m.b.r

(»)

Av.r.t.

«.n.«

9>

MATERIALSAND METHODS

coefficients of variation of

ungraded and graded channel catfish reared incages at Stuttgart, AR,

»v.,...

204

2

95

3

91

16

5

floating cages, 1.9 x 0.9 x 1.0 m, each partitioned into two
compartments of0.86 m5, were used for the study. Cages were constructed of plastic coated wire mesh, 1.2 x 2.5 cm, and were anchored

-

H.n«.

357

46

377

37

242

352

48

80

388

45
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399

61
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422

28
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960
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918
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86.1
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73.3
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•Published with the approval of the Director of the Arkansas
Agricultural Experiment Station.
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DISCUSSION AND MANAGEMENTIMPLICATIONS
Ungraded fish, fed to satiation, increased in size uniformity, as
indicated by a decline in their coefficients of variation at harvest. This

increased uniformity was presumably attributable to the faster growth
of smaller fish, as postulated by Konikoff and Lewis (1974). The
increased growth was not sufficient, however, to offset benefits of
grading, which included higher survival, greater total yields, larger in-

dividuals, and more marketable fish. A longer growing season would
obviously have resulted in the production of more marketable fish in
both groups. During the study period, average fish weight doubled about
every 45 days. Extending the growingperiod from 140 to 180-210 days
(more typical for Arkansas) wouldhave enabled more of the fish, either
graded or ungraded, to equal or exceed marketable size. Alonger growth
time would probably have resulted in a slight additional reduction in
size variability for ungraded fish and a slight additional increase in that

of graded fish.
In this study, graded fish were more uniform in size at harvest and
a larger proportion of them were of marketable size. Therefore, the
expense and handling stress of grading seemed well justified. Arkansas fish farmers have estimated that they would charge an additional
$0,005 per fish for grading to remove those too large or too small. On
the basis of this cost and the production data, stocking of graded fish

FISH WEIGHT IN GRAMS

resulted in an additional 46 salable fish per cage; thus, grading produced 22 kg more marketable fishper cage for the grading investment
of $1.50 per cage.
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SELECTION OF SCALES FOR GROWTH
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DONALD C. JACKSON 1and RAJ V. KILAMBI
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ABSTRACT
Scales from four regions of the body of largemouth bass were compared for efficacy inestimating fish
length at the time of scale formation and at capture. The scales from above and below the lateral line
inthe pectoral and caudal peduncle regions yielded intercepts of 64.73, 52.36, 1 9.77 and 25.81 respectively for the total length-scale radius relationship. These intercept values represent the fish length at
the time of scale formation. By the regression of estimated lengths at capture on empirical lengths it was
found that the caudal peduncle scales were better suited in predicting fish length.
INTRODUCTION
Scales have been used extensively in growthdynamics studies of fishes.
Scale reading remains somewhat subjective and requires experience.

Errors are common (Cai lander, 1974; Carlander, 1982; Heidinger, 1975;
Le Cren, 1974; Prather, 1967). Quite often errors are not due to
techniques but to procurement ofscales from different body regions
at different times during the life history of fish, resulting in different
graphic records of growth and proportionality relationships (Bennett,
1948; Carlander, 1974; Carlander, 1982; Clugston, 1964; Hofstede, 1974;
Le Cren, 1974; Ricker and Lagler, 1942; Whitney and Carlander, 1956).
The total length-body scale regression method of back calculating
fish length yields inconsistent length estimates depending upon the body
region from which scales are taken (Whitney and Carlander, 1956) and
insome fish the estimated length at thelast annulus may be larger than
the length at capture (Carlander, 1981; Carlander, 1982). Evaluation
by the regression method ofsmall samples or even large samples with
small size ranges of fish can introduce errors in growth computations
(Whitney and Carlander, 1956). The intercept value of regression equations has been interpreted as the length of the fish when the scales first
formed on the fish. Such being the case, scales from abody region where
scales first appear may yieldan intercept value closer to the actual fish
size at the time of scale formation. Studies to evaluate this hypothesis
and the efficacy of scales from four body regions of largemouth bass
(Micropterus salmoides) estimating fish length at time ofscale formation and at capture were conducted in 1981 and 1982.
METHODS
Eighty-eight largemouth bass (TL = 140-480 mm) were collected in
1981 and 1982 by elect roshoek ing from Lake Elmdale, Washington
County, Arkansas. Total length for each fish was measured to the
nearest millimeter. Scales were taken from the left side of the fish from
four body regions:

1. Above the lateral line at the tip of the appressed
pectoral fin (Pectoral Upper),
2. Below the lateral line at the tip of the appressed
pectoral fin (Pectoral Lower),
3. Above the lateral line in the middle of the caudal
peduncle (Caudal Upper),

expressed as L = a + bR, where, L = total length of fish (mm), R
=
scale radius (mm) and a and b = intercept and regression coefficients respectively.
Total lengths of bass at capture were estimated by the total lengthscale radius relationships. The efficiency of estimating length was
evaluated by the regression formula L = a + bL, where L = estimated
total length, L = observed total length, and a and b are constants. In
this equation, perfect estimates of length with reference to observed
length willhave aunit regression coefficient (b = 1.0) and zero intercept
(a = 0).

RESULTS
Comparison to total length-scale radius relationship between the sexes
yielded no significant differences (P< 0.01) for the scales from the
pectoral region below the lateral line and the two caudal regions. The
scales from the pectoral area above the lateral line yielded no signifi0.05) and the
cant sex difference in the regression coefficients (P
intercepts were significantly different at the 0.01 level, but not at the
0.005 level. The data for the sexes were pooled for each of the body
regions and the statistics for the total length-scale radius relationship

<

.

are listed inTable 1 Based on low standard error of estimates (Sy,)
and correlation coefficients (r), scales from the caudal peduncle areas
describe the total length-scale radius relationship better than the scales

from the

pectoral regions.

The total lengths of largemouth bass at capture were estimated
using the respective total length-scale radius relationships. The estimated
lengths were regressed on the empirical lengths at capture and the
covariance analysis showed significant difference between the four body
regions (P < 0.01). Further analysis indicated no significant differences
at the 0.05 level either between the pectoral regions or between the caudal
peduncle regions. Details of the statistics for the estimated lengthempirical length regression are listed inTable 2. The regression coefficient (0.93) for the caudal peduncle was not significantly different from
1.00 (P < 0.001) while the coefficient was significantly lower for the
pectoral region (P > 0.001). It is evident from the Sy,, b, and r values
that the scales from the caudal peduncle gave the best estimates.

Table 1. Statistics of total length-scale radius (L = a + bR) relationship.

4. Below the lateral line in the middle of the caudal
peduncle (Caudal Lower).
Body Region

Six scales from each body region for each fish were selected at
random and impressed on plastic slides. The scale radius, distance from
focus to the anterio-lateral edge, was measured at 40X using a
Eberbach Scale projector. Total length-scale radius relationship was
Department of Fisheries and Allied Aquacultures,
'Present address:
Auburn University, Auburn, Alabama 36849.
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S

Pectoral

Upper

64-73

1.39

21.76

0.91

Pectoral

Lowei

52.36

1.16

24.22

0.91

Caudal

Upper

19.77

1.B4

16.53

0.96

Caudal

Lower

25.81

1.6B

17.14

0.95

Arkansas Academy of Science Proceedings, Vol. XXXVII,1983

https://scholarworks.uark.edu/jaas/vol37/iss1/1

38

Journal of the Arkansas Academy of Science, Vol. 37 [1983], Art. 1
Donald C. Jackson and Raj V. Kilambi

Table 2. Statistics of estimated total
a + bL) relationship.

Body

Region

Pectoral
caudal

(Combined)

(Combined)

length-observed total length (L =

BRYANT,H. E., and A.HOUSER. 1971. Population estimates and
growth of largemouth bass in Beaver and Bull Shoals Reservoirs.
Amer. Fish. Soc. Spec. Publ. 8:349-357.
CARLANDER, K. D. 1974. Difficulties in ageing fish in relation to
inland fisheries management. Bagenal, T.B. (Ed.), Ageing of Fish.
Unwin Brothers, pp. 200-205.

a

b

8 yx

52.IB

0.79

18.73

0.94

15.36

0.93

17.86

0.96

.

CARLANDER,K.D.198 1 Caution on the use ofthe regression method
of back-calculating lengths from scale measurements. Fisheries
(Bethesda) 6:2-4.
CARLANDER, K.D.1982. Standard intercepts for calculating lengths
from scale measurements for some centrarchid and percid fishes.
Trans. Amer. Fish. Soc. 111:332-336.

DISCUSSION

of largemouth bass have traditionally been selected from the
ral region (Carlander, 1982; Bryant and Houser, 1971; Kilambi
1978; Padfield, 1951; Prather, 1967). The intercept of the lengthradius relationships has been interpreted frequently as the length
5 fish at the time of scale formation.
Everhart (1949) reported that inthe smallmouth bass, Micropterus
dolomieui (and probably reflective of the genus Micropterus) the scales
first appear on the caudal peduncle at an average total length of 20.2
± 1.0 mm and scale formation then proceeds anteriorly. Carlander
(1982) reported a mean intercept value of20.9 mm from a sample of
32 largemouth bass and recommended 20.0 mm as a standard to be
employed. Our study, based on scales from four body regions, yielded
increased intercept values of the total length-scale radius relationship
from caudal to pectoral regions indicating that in largemouth bass, scales
form first on the caudal peduncle and then on the pectoral region. The
intercept values of19.77 and 25.81 mm for the scales from above and
below the lateral line of the caudal peduncle, respectively, were similar
to the fish length at the time of scale formation reported by Everhart

Kiles
(1949)

and Carlander (1982).
Our study revealed that scales from the caudal peduncle are better
suited than pectoral region scales for studies of largemouth bass growth.
Information on the fish length at which scales first appear may be a
primary requirement for identifying the body region forscale selection
to predict growth relationships for any species of fish.
One of the primary criteria of utilizingfish scales ingrowth studies
is that the estimated lengths represent the observed lengths. The statistical
parameters (Table2) and the tests inour study indicated that total lengths
of largemouth bass at capture were best estimated by scales taken from
the caudal peduncle.
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WILD TURKEY POPULATIONS
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ABSTRACT
Reintroduction of wild turkeys into northwestern Arkansas was stutied at 10 release sites in the late
1950's. Native birds trapped in southern Arkansas were released at five study areas, and birds from
wild Pennsylvania stock reared incaptivity were released in five other areas. Althoughboth types of turkeys
reproduced, most populations of captivity-raised turkeys decreased sharply whereas all populations of
wild-trapped birds exhibited marked increases. Range extension averaged nearly 2.5 miles per year in
expanding wild-trapped populations. Captivity-raised birds were comparatively tame and often were found
near human habitation. Current expanding turkey populations in the Arkansas Ozarks undoubtedly are
due to the introductions of wild-trapped birds.
INTRODUCTION

Holder (1951) documented the past history of decline in turkey
populations in the Ozarks through the 1940's. In 1957 at the onset of
the present study, an inventory of existing turkey populations in the
Ozarks was completed (James and Preston, 1959). The findings

showed that inthe region surveyed the nearly 1000 birds reported by
Holder (1951) had declined to about 39 flocks, which equals a total
of a little over 300 birds using the average value of 8 turkeys per flock
reported by James and Preston (1959). Of these, only about half the
birds were inareas where indigenous Ozark populations formerly had
occurred. The rest existed at release sites where introductions of wild
birds from southern Arkansas had begun in the early and mid 1950's.
Thus apparently only about one-tenth of the original Ozark stock
reported by Holder in the 1940's persisted to the late 1950's.
Kaffka (1979) recently described the increase in numbers of wild
turkeys (Meieagris gallopavo) that has occurred in Arkansas since the
1950's. This statewide trend also was evident in the Ozark Plateaus
Region where in 1950 only four wild turkeys were taken by hunters
(Holder, 1951), but in Spring 1979, according to information from the
Arkansas Game and Fish Commission, hunters harvested 804. Two
approaches to restoring turkeys to the Ozarks were attempted in the
1950's. One method was to release wild birds native to Arkansas that
were trapped from highdensity populations in the southern part of the
state. The other technique involved the release ofartifically propagated
wild turkeys raised from eggs of the hybrid strain developed inPennsylvania (Kozicky and Metz, 1948). Leopold (1944) described the method
of producing the wild strains of turkeys raised incaptivity. The present study was designed to evaluate therelative success ofthe two methods
of turkey introductions in the Arkansas Ozarks.
The study was conducted from July 1957 through June 1961, and
this paper mainly includes findings from the initiation date to June 1960.

•Deceased

38

After June 1961 the study was terminated with the expectation ofcontinuingit again to evaluate the situation after several years, but this

never materialized. Therefore, the initial findings are now presented.
Even though there have been other comparisons of the relative success
ofreintroductions of wild-trapped and captivity-raised turkeys in the
Ozarks (Leopold and Dalke, 1943; Leopold, 1944; Dalke et al., 1946;
Holder, 1951; Lewis, 1957, 1961) and elsewhere (Donohoe and McKribben, 1970; Wunz, 1971) our study is the only one where moderate
numbers ofboth wild-trapped and captivity-raised birds were released
over relatively the same time period at several separated sites in the same
general region. It thus represents the field-experimental, test with replication, of Leopold's (1944) expectations. Also this study provides a
historical prospective documenting the sources of the present thriving
wild turkey populations in the Arkansas Ozarks.
STUDY AREAS
Five study areas were established for each of the two types of turkeys
released. Native birds from southern Arkansas, hereafter called
wild-trapped turkeys, were studied at the following sites, 1) Black
Mountain, in the Ozark National Forest west ofCass inFranklin Co.,
2) Buffalo Tower, in the Ozark National Forest east of Redstar, but
in Newton Co., 3) Devil's Den, in the Ozark National Forest near Devil's
Den State Park in Washington Co., 4) Mcllroy Wildlife Management
Area, between Forum and Rockhouse in Madison Co., and 5)
Wedington, in the Ozark National Forest west of Savoy in Washington
and Benton Counties. Since the turkey releases at Buffalo Tower were
too late in the study to be investigated adequately, this site willbe omitted
from further consideration, and is mentioned only for the historical
record.
The five study areas for releases of turkeys of the Pennsylvania strain
raised in captivity, hereafter called captivity-raised turkeys, were as
follows, 1) Bellefonte, 6 miles south of Bellefonte on Boat Mountain
near the junction of Boone and Newton Counties, 2) Carrollton, near
the border of Carroll and Boone Counties east of Carrollton, 3) Fort
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Chaffee, the military reservation in northern Sebastion Co., 4) Koen
Forest, in the Ozark National Forest north of Jasper in Newton Co.,
and 5) Ozone, a mile east of Ozone in the Ozark National Forest in
Johnson Co.

.

Table 1 Turkey numbers determined during fall1959 and winter 1959-60
in the study areas where wild-trapped turkeys were released.
Turkey

number,

»¦!.-.¦»»

in 1859-1960

Percent

METHODS

The distribution and abundance of turkeys in the vicinity of study
areas were determined through personal interviews withlocal residents,
hunters, and withpersonnel of the Arkansas Game and Fish Commission and National Forest Service. Addressed post card questionnaires
for reporting turkey sightings were distributed to residents livingin areas
inhabited by turkeys and to personnel working there. This assistance
was supplemented by intensive searches in the field for turkeys and
turkey signs conducted by project personnel at all seasons.
Population estimates were determined from appraisal of maps ofstudy
areas showing locations of reported turkey sightings. From these
plotted records duplication in observations were detected and eliminated,
which improved accuracy in population estimations. Ifit was not known
whether two reports inclose proximity were separate flocks, they were
assumed to be different only ifthe localities were separated by at least

This is based on the findings of Mosby and Handley (1943)
that a turkey flock has a cruising radius of two miles.
When flock size was not recorded, or when only turkey signs were
reported, the number of turkeys in a flock was assumed to equal the
average flock size (see below) observed inthe particular study area during
various autumns and winters of the study. When in final analysis
as not clear ifone or two flocks were involved, or when flock size
nates were contradictory, minimum and maximum population values
e calculated. This pertained only to wild-trapped birds, which were
live and difficult to survey. Captivity-raised birds were
racteristically unwary and easy to approach, so direct counts could

Table 2. Status of turkey populations in July 1959 in the study areas
where captivity-raised turkeys were released inMarch 1958 and February
1959.

two miles.

t

of turkey range expansion from release sites were made
ch study area. This was done by locating on a map a point of origin
ral to the cluster of various release sites ina particular study area
measuring the distance of the most distant turkey dispersal points
) the point oforigin. The least distance moved and average disperistances also were obtained for captivity-raised turkeys for reasons
:explained later. Since release sites were in areas that were devoid
(isting wild turkeys, the dispersed turkey sightings over the years
lese areas were assumed to be associated with the corresponding

Iitmates

incidence of reproduction was detected through reports of broods
key poults encountered in study areas. Many nests of captivityturkeys were found and monitored by repeated visits.

Ei

of 73 flocks was observed averaging 8.6 birds per flock, and ranging
in size from two to 30 birds.
Range Expansion: The mileage values for wild-trapped birds represent true range expansions (Table 3) whereas the same information for
captivity-raised birds (Table 4) are simply dispersal rates. This difference

is explained further later.

Table 3. Rate of range expansion from release sites exhibited by wildtrapped turkeys after date of release through February 1960.

Black

Mountain

Levels: Basic information concerning the numbers of
trapped turkeys in the study areas are shown in Table 1. This
des number released, year of releases, estimates of minimum and
mum numbers, and percent increase, all based on surveys comd in the autumn months of 1959 and winter of 1959-60. The
irtant finding is that in all areas numbers of turkeys increased
ficantly from the number released. The average increase was 225%
le 1), and the biggest increases were at Black Mountain and Devil's
deep in the Ozark National Forest, the most isolated study areas.
the other hand, the captivity-raised birds did not show signifit increases in any study area (Table 2) based on a survey in summer
9. Although young birds were produced in all areas, this was not
ficient to replace the disappearance of adults. Thus populations
reused sharply after release in 3 areas, and remained relatively
¦hanged in the other two.
Average flock sizes in autumn and winter in the study areas with
wild-trapped turkeys were 12.3 birds at Black Mountain, 10.3 at Devil's
Den, 5.3 at Mcllroy,and 7.5 at Wedington. Combining all areas, a total

(ipulations

Maximum

Average
Range Expansion
per year)

Range Expansion
(miles)

(miles

10.08

15

1.4

4.21

12

2.S

Hcllroy

2.08

8

3.8

Wedlngton

4.33

6

1.4

Devil's

RESULTS

Number of
Vears

Study Area

Den

Avg.

2.4

Table 4.Dispersal rates from release sites exhibited bycaptivity-raised
turkeys after date of release through January 1960.

|)n

3
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Maximum rates of range expansion in wild-trapped turkeys from
release points varied from 1.4 miles per year at Black Mountain and

Wedington, to 3.8 miles per year at the Mcllroystudy area (Table 3).
The average rate was 2.4 miles per year.
The same calculation for captivity-raised turkeys (divide the
maximum column by the years column inTable 4) produced an average
dispersal rate of 3.2 miles per year, which is greater though not
significantly different from the wild-trapped birds (t = 0.824, df =
7, P
0.3). However, it may be more appropriate to compare the
average dispersal rates in captivity-raised birds (Table 4) with the

in wild-trapped ones. This is because the areas occupied
birds enlarged gradually due to ever
increasing population pressures (Table 1), a true range expansion. The
however,
populations,
captivity-raised
were not increasing (Table 2).
Thus the movements were just widespread wanderings or scatterings
from the release site, best represented by an average value, and best
called a "dispersal" (Table 4).Leopold (1944) and Holder (195 1)noted
these wanderings in captivity-raised birds but Proud (1969) found they
were rather sedentary. The matter is further confounded by the ease
in finding the flocks of the comparatively tame captivity-raised birds
that often sought areas of human habitation.
The overall average dispersal rate for captivity-raised birds was 1.5
miles per year (Table 4). This is lower but=still not significantly
different from wild-trapped rates (Table 3, t 1.476, df = 7, P > 0.2).
By the end of the study the ranges ofthe Black Mountain and Devil's
Den turkeys had expanded to merge in the Lake Fort Smith area. Also,
the Black Mountain birds had become wellestablished east of state
highway no. 23, well to the east of the release site.
Reproduction: Young birds were seen inall study areas. Obviously reproduction was high inthe wild-trapped turkeys because a large
population increase was exhibited (Table 1). Yet detectability was low
since only 22 broods were observed in the four areas over the two
summers in1958 and 1959. This contrasts with a total of30 actual nests
found in one year, summer 1959, for captivity-raised hens (out of a
total 175 females released). These rather tame birds nested inconspicuous
places. Eighteen of the 30 nesting female turkeys did hatch young, and
for 16 of these the average brood size four days after hatching for the
fivestudy areas was 6.9 poults per brood. Nevertheless, the captivityraised populations did not increase (Table 2). Apparently later survival
of young was too low to compensate for the adult rate ofdisappearance
maximum

rates

by populations of wild-trapped

shown in Table 2 (compare the number released with adults
in July) and the population declined.

present

of breeding with a domesticated turkey. Mortality factors were analyzed
too but were difficult to appraise accurately. At one phase inthe study
17 out of 72 released captivity-raised birds were found dead withinseven
months of release. Deaths were due to a variety of causes less than half
of which were attributed to predation. The success of released wildtrapped birds in colonizing new turkey ranges was shown in most of
the studies cited above and has been repeated in Texas (Gore, 1970),
Alabama (Speake et al., 1970, 1975), Florida (Powell, 1965), West
Virginia(Bailey and Rinell, 1968), Iowa (Little,1980; Little and Varland,
1981), Minnesota (Porter, 1977), Nebraska (Suetsugu and Menzel, 1963)
and elsewhere (Schorger, 1966). InTexas it was found that establishment depended on releasing the appropriate subspecies of wild-trapped
turkey for the habitat concerned (Gore, 1970).
Both types of turkeys inthe present study showed somewhat greater
overall movements (Tables 3 and 4) than did telemetered wild-trapped
birds released inIowa (Little and Varland, 1981). However, overall rates
of movement in Arkansas populations were comparable to movements
shown by individual telemetered birds in Georgia (Eichholz and
Marchinton, 1976).
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DISCUSSION

The results of the present study show that wild-trapped turkeys were
highly successful in becoming established in the Ozarks after release,
while the captivity-raised birds were not. The important difference in
the turkeys from the two sources was evident only inthe population
studies followingrelease (Tables 1 and 2). The studies of range expansion and dispersal rates, and incidence ofreproduction, none of which
were notably different inthe groups of turkeys, produced confounding

results that did not reflect relative success ofestablishment and subsequent population increase. Therefore, it is recommended that future
studies of this kind focus only on population level investigations.
Based on this study, itis evident that the current restoration ofviable
wildturkey populations in the Arkansas Ozarks resulted mainly from
the introduction of wild-trapped birds obtained in the southern part
of the state. The failure of captivity-raised birds in this regard also was
noted byLeopold and Dalke (1943), Leopold (1944), Dalke et al. (1946)
and Lewis (1957, 1961) in the Missouri Ozarks, and by Holder (1951)
in the Arkansas Ozarks, and by Donohoe (1965) in Ohio. The reason
for this failure has been amply traced to inherited physiological and
behavioral difficulties in the captivity-raised birds (Leopold, 1944). In
the present study, the extreme tameness ofthe released captivity-raised
birds probably led to the lack of success. Released birds commonly
frequented barnyards and the like at all release sites and persisted there,
sometimes roosting with chickens inbarns, and one even was suspected
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DISTRIBUTION AND SEASONAL OCCURRENCE
OF THE SCUTELLERIDAE, CORIMELAENIDAE
AND CYDNIDAE OF ARKANSAS
LINDAA. LEE and HARVEY E. BARTON
Department of Biological Sciences
Arkansas State University
State University, Arkansas 72467
ABSTRACT
A total of 16 genera and 37 species and subspecies of Corimelaenidae, Cydnidae and Scutelleridae
is recorded as occurring or possibly occurring in Arkansas. Nine species of Scutelleridae contained in
six genera, 1 3 species and subspecies in three genera of Corimelaenidae (=Thyreocoridae) and 1 5
species and subspecies of Cydnidae found in seven genera are reported as occurring or possibly
occurring in Arkansas.
Twenty-seven species and subspecies contained in 13 genera were collected or recorded from
entomological holdings within the state. Two species in two genera were reported in the literature as
occurring in Arkansas. Based on distribution records in the literature, eight species in eight genera are
listed as probably occurring in the state. Seasonal occurrence and county distribution records are reported
for each species and subspecies.
INTRODUCTION

RESULTS AND DISCUSSION

Major taxonomic investigations concerning Heteroptera were reported
byBlatchley (1926), McAtee and Malloch (1933), Torre-Bueno (1939),
Froeschner (1960), Lattin (1964) and Slater and Baronowski (1978).
McPherson (1982) supplied an excellent account of the Pentatomoidea
( =Scutelleroidea) of northeastern North America. State-wide investigations of the occurrence and distribution ofPentatomoidea were reported
by Hart (1919) for Illinois, Stoner (1920) for Iowa, Froeschner (1941)
for Missouri, McPherson (1970) for Michigan and Hoffman (1971) for
Virginia. Hart's (1919) list of Pentatomoidea was updated by
McPherson (1979a). McPherson (1980) also updated the distribution
of Pentatomoidea as reported by Van Duzee (1917) for the northeastern

distributions are shown in Figures 2-10. The monthly
occurrence of each species and subspecies is indicated in the species list.
Figure 1 supplies a key to the Arkansas counties.
County

United States.
References concerning first reportings and other occurrence records
include: Walley (1929), Pack and Knowlton (1930), Sailer (1941),
McPherson and Walt (1971), McPherson (1974), Nixon et al. (1975),
McPherson and Mohlenbrock (1976) and McPherson (1977a, 1977b,
1978a, 1979b).
Recent records of new species or reidentification of species found
in Arkansas include: Sailer (1940), McPherson and Sailer (1978) and
McPherson (1978b).
References to Arkansas Cydnidae, Corimelaenidae and Scutelleridae
are scarce, since prior studies were not concentrated in this state. This
paper summarizes, to date, number of species and subspecies, seasonal
occurrence and geographical distribution of these three families in
Arkansas. In conjunction with a similar investigation of the Pentatomidae ofArkansas by Barton and Lee (1981), this study completes
the faunistic survey of the Pentatomoidea of Arkansas.
ARKANSASCOUNTIES

METHODS AND MATERIALS
Data are based primarily on results obtained from collecting
Scutelleridae, Cydnidae and Corimelaenidae from 1978-1982. Areas of
the state most intensively surveyed were the northeastern and north
central portions and Crowley's Ridge, which extends from Clay
County southward to Phillips County. Entomological collections at the
University of Arkansas at Fayetteville, the University ofArkansas at
Little Rock and Arkansas State University at Jonesboro provided
additional seasonal occurrence and county distribution records. Two
species are reported as occurring in Arkansas based on occurrence
records reported by Froeschner (1960).
Possible occurrence of eight species and subspecies are based on
distribution records in surrounding states reported by Blatchley (1926),
McAtee and Malloch (1933), Torre-Bueno (1939), Froeschner (1941,
1960) and Lattin (1964).
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2. Acantholomidea denliculata (O),
cus chrysorrhoeus (?), Pangaeus
•atus (¦), and Stethaulax marmorata ( ).

Kre

•

Figure 3. Amnestus pusillus (A), Corimelaena

marginella (•), Crytomenus mirabilis (O),
Homaemus bijugis (¦), Tetyra bipunctata
(?), and Tominotus communis (A).

Ire

4. Amnestus

•

basidentatus

•

Figure 5. Corimelaena harti (O), Galgupha
carinata (A), and Melanaethus robustus ( ).
Figure 6. Corimelaena lateralis
Cyrtomenus ciliatus (•).

lateralis

Figure 7. Corimelaena

Figure

imelaena

8. Amnestus

spinifrons (O), Corobscura(D) and Galgupha aterrima

(O) and

Figure 9. Galgupha atra (•) and Galgupha

pulicaria (¦),
Melanaethus pensylvanicus (•), and
subpunctatus
(O).
Melanaethus

ovalis (O).

Figure 10. Amnestus pallidus (O) and Sehirus
cinctus cinctus (•).

(?),

up/la loboprostethia (?), Homaemus
ilus ( ), and Melanaethus cavicollis (O).
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holdings. Based on the known distribution of each species in neighboring
states, eight additional species and subspecies should and probably do
occur in the state, which would be represented by two Cydnidae, three
Corimelaenidae and three Scutelleridae species and subspecies.
In the Corimelaenidae fauna, Corimelaena pulicaria was found to
be the most abundantly collected species in the state. Corimelaena
lateralis lateralis, Corimelaena marginella, Corimelaena pulicaria,
Galgupha atterima, Galgupha atra, Galgupha carinata and Galgupha
ovalis are expected to occur state-wide based on their known distribu-

tion and abundance.
In the Cydnidae fauna, Sehirus cinctus cinctus was found to be
collected most abundantly. Amnestus pusillus, Melanaethus robustus,
Pangaeus bilineatus and Sehirus cinctus cinctus are believed to occur
throughout the state.
In the family Scutelleridae, Homaemus parvulus is the most commonly collected species in the state. Both Stethaulax marmorata and
Homaemus parvulus are expected to occur throughout Arkansas.
Additional records will undoubtedly be obtained through further
investigations of the seasonal occurrence and county distribution of
Scutelleridae, Corimelaenidae and Cydnidae in Arkansas. Further
investigations of these three families are needed in addition to Barton
and Lee's (1981) study of the Pentatomidae of Arkansas, to aid our
understanding of seasonal occurrence and distribution patterns,
ecological relationships and taxonomic status of the Pentatomoidea of
the state, particularly lesser known species.
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Galgupha denudata (Uhler).McAtee and Malloch (1933) reported this
species occurring in the District of Columbia, Virginia, South Carolina,
Georgia, Florida, Alabama, Mississippi, Louisiana and Texas.
McPherson (1982) reported this species as occurring in southern Illinois.
It probably occurs in Arkansas.

Annotated Species List
Scutelleridae
Pachycorinae

Acantholomidea denticulata

(Stal). Figure 2. April-June.

Acantholomidea porosa (Germar). Lattin (1964) reported this species
as occurring inMissouri, Kansas, Utah and Mexico, and ranging from
Virginia south to Florida, west through Texas and Arizona to
California and up the Pacific Coast to Vancouver Island. It probably
willbe found in Arkansas.
Camirus porosus

(Germar). Blatchley (1926) listed this species as
occurring in California, Texas and Florida. Froeschner (1941) reports
rare, but represented inMissouri. Its occurrence
being
apparently
it as
in Arkansas is probable.

chrysorrhoeus (Fabricius). Figure 2. We have examined three
specimens from the University of Arkansas at Little Rock for which
seasonal occurrence data were not available. One specimen was collected in 1974 in Pulaski County, Arkansas. The other two specimens

Diolcus

were

Cydnidae

Amnestinae
Amnestus basidentatus Froeschner. Figure 4. February, May-October.
Froeschner (1960) reported this species as occurring in Arkansas.
Amnestus pallidus Zimmer. Figure 10. December. One specimen was
examined by us in the University ofArkansas at Fayetteville collection.
Amnestus pusillus Uhler. Figure 3. April, June-August, October.
Statewide occurrence of this species is probable.
Amnestus spinifrons (Say). Figure 8. February, May

not labeled.

the range of this species
jm northeastern Nova Scotia south to Tennessee and western North
>lina, and west to Manitoba and Kansas. Froeschner (1941) reported
species as being listed for Illinois and Nebraska and its possible
re occurrence in northern Missouri. It possibly occurs in Arkansas.

Enaemus

Galgupha loboprostethia Sailer. Figure 4. February-May.
Galgupha ovalis Hussey. Figure 9. April, June-August, November.
State-wide occurrence of this species is probable.

aenifrons (Say). Lattin (1964) stated

Homaemus bijugis Uhler. Figure 3. April,November.
parvulus (Germar). Figure 4. April-July, Septembermber. This is the most abundantly collected species ofScutelleridae
state.
:
Itundoubtably occurs state-wide.

Eaemus

Stethaulax marmorata (Say). Figure 2. Feburary-May, SeptemberNovember. This species unquestionably occurs state-wide.
bipunctata (Herrich-Schaeffer). Figure 3. April, September-

Kraember.

Corimelaenidae
agrella McAtee. Froeschner (1941) reported this species
Mlocohs agrella) for Maryland, Virginia,Kentucky and Texas, and
jssibly occurring in Missouri. It possibly occurs in Arkansas.

Emelaena

Corimelaena harti Malloch. Figure 5. February, June.
Corimelaena lateralis lateralis (Fabricius). Figure 6. May-October. This
subspecies undoubtably occurs state-wide.
Corimelaena marginella Dallas. Figure 3. April,June-July. This species
probably occurs throughout the state.

Corimelaena obscura McPherson and Sailer.

Figure 8. August.

I'imelaena

Cydnoides ciliatus orientus McAtee and Malloch. McAtee and Malloch
(1933) and Torre-Bueno (1939) reported this subspecies in Florida,

Texas,
probable.

Minnesota,

Cyrtomenus ciliatus (Palisot de Beauvois).

Cyrtomenus mirabilis (Perty). Figure 3. June-August

Melanaethus cavicollis (Blatchley). Figure 4. February. A single specimen
was examined in the University of Arkansas at Fayetteville collection.
Melanaethus pensylvanicus (Signoret). Figure 7. February, May, July,
September, December.
Melanaethus robustus Uhler. Figure 5. February, March, July,
November, December. State-wide occurrence of this species is probable.
Melanaethus subpunctatus (Blatchley). Figure 7. May. Froeschner (1960)
reported this species as occurring in Arkansas.
Microporus obliquus Uhler. Froeschner (1960) reported this species as
occurring in Arizona, California, Colorado, Idaho, Illinois, Indiana,
Iowa, Kansas, Louisiana, Missouri, Nevada, New Mexico, Oklahoma,
Oregon, South Carolina, South Dakota, Texas, Utah, Virginia,
Washington and Mexico. Its occurrence in Arkansas is probable.

2. February, March, May, JulyNovember. State-wide occurrence of this species is probable.
Pangaeus discrepans Uhler. Blatchley (1926) reported the recorded range
to extend from Indiana and Tennessee, west and south to California
and Texas. It probably occurs in Arkansas.
Pangaeus bilinaetus (Say). Figure

Sehirinae

Sehirus cinctus cinctus (Palisot de Beauvois). Figure 10. March-August.
State-wide occurrence of this species is probable. This is the most
abundant subspecies of Cydnidae collected by us in the state.

and

Galgupha aterrima Malloch. Figure 8. February, April-July. This species
undoubtedly occurs throughout the state.
atra Amyot and Serville. Figure 9. January, February, April,
-August, November. State-wide occurrence of this species is

Eupha

Galgupha carinata McAtee and Malloch. Figure 5. February- April,
June, July, November. State-wide occurrence of this species is highly

A total of 37 species and subspecies of Corimelaenidae, Cydnidae
and Scutelleridae contained in 16 genera is recorded as occurring or
possibly occurring in Arkansas. Thirteen species and subspecies of
Corimelaenidae in three genera, 15 species and subspecies ofCydnidae
in seven genera and nine species ofScutelleridae insix genera are listed
as occurring or possibly occurring in the state. Amnestus basidentatus
and Melanaethus subpunctatus have been reported in the literature as
occurring in Arkansas (Froeschner 1960). Twenty-seven species and
subspecies in 13 genera were collected or recorded from entomological
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October.

Tominotus communis (Uhler). Figure 3. February.

pulicaria (Germar). Figure 7. January, March-July. This
lie most abundantly collected species of Corimelaenidae collected
us in the state. State-wide occurrence of this species is probable.

Missouri, Nebraska, Colorado,
Kansas. Its occurrence in Arkansas is

Cydninae
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SHORT CREEK OOLITE (LOWER MISSISSIPPIAN)
DEPOSITION, WAR EAGLE QUARRY,
MADISON COUNTY, ARKANSAS
BARBARA A. LISLE
Geology Department
University of Arkansas
Fayetteville, Arkansas 72701

ABSTRACT
The Short Creek Oolite is the only formally designated member of the Lower Mississippian Boone
Formation. Although oolite deposits are often considered to be formed in shoal areas, detailed study of
the War Eagle Short Creek disclosed characteristics incompatible with deposition as an oolite shoal.
At the War Eagle Quarry, the Short Creek Oolite occurs between deep water strata and there is a
conspicuous absence of cross-stratification and other shallow water bedding features. Modal analysis
revealed a lower oolith content than found in Recent ooliteshoals or inthe Short Creek Oolite of Missouri,
which has been interpreted as a shoal previously. These data suggest that the War Eagle Short Creek
may have been deposited as a turbidite which brought ooliths from the Missouri Kansas oolite shoal
into the deeper water foreslope environment of northwest Arkansas.

-

INTRODUCTION
Short Creek Oolite is a member of the Boone Formation which
.laded in the Osagean Series of the lower Mississippian System,
lower Mississippian is a carbonate package consisting of an upper
tbearing interval called the Boone Formation (Branner, 1891;
ose, 1891; Simonds, 1891) and a lower, relatively chert free
val called the St. Joe Formation. The lower Mississippian uncontably overlies Chattanooga or older strata and is unconformably
lain by Meramecian or younger strata. The Boone Formation
ists of alternating layers oflimestone and chert which vary in proportions laterally and vertically. The limestones include mudstones,
wackestones, packstones and infrequent grainstones. Fossil allochems
consist principally of crinozoan and bryozoan detritus, spiriferid and
brachiopods, and trilobite remains. The Boone outcrops in
it-west trending belt across northern Arkansas that extends into
:ast Oklahoma. Its equivalents are recognized in southeast
s and southwest Missouri. Innorthern Arkansas the Boone ranges
kness from 300 to 400 feet (90-120 meters). Attempts to recognize
ratigraphic units from surrounding states within the Boone
al in Arkansas have been unsuccessful with the exception of the
Creek Oolite.
Siebenthal (1907) proposed the name Short Creek for an oolitic
interval near the top of the Boone in southeastern Kansas and
southwestern Missouri. The oolitic facies is light tan on a weathered
surface and light to medium gray on a fresh surface. Allochems consist of sand size ooliths and crinoidal detritus. Atthe War Eagle Quarry,
the Short Creek Oolite is massively bedded and persistent throughout
the quarry. The Short Creek Oolite is widelydeveloped in southeast
Kansas and southwest Missouri, where itranges in thickness from five
to 10 feet (1.5 to 3 meters) (Greenberg, 1981). Innorthwest Arkansas
and adjacent Oklahoma the oolitic interval varies from five to 25 feet
(1.5 to 7.5 meters) in thickness and is of sporadic occurrence. The Short
Creek Oolite occurs about 100 to 125 feet (30 to 38 meters) below the
top of the Boone Formation.

Iie

vertical intervals. From these samples, acetate peels and standard thin
sections were prepared and stained with Alizarin Red S and potassium
ferricyanide.

fetid

METHODS

were collected from a single exposure at War Eagle Quarry,
miles east of Huntsville, Arkansas on Highway 68. The quarry is
:ed in the NW'/i, SW.'/«, sec. 19, T17N, R25W, Madison County,
quarry is in fine-grained carbonate rock interbedded with calcitic

Imples

t. The oolitic interval occurs about 20 feet (6 meters) above the
ry floor and is 25 feet (7.5 meters) in thickness (Figure 1).
Samples (Figure 1) were taken from immediately below and above
the oolitic section, and within the oolitic zone, at three foot (1meter)

.

Figure 1 Diagramatic representation ofmodal analysis of thin sections
position in the vertical section.

and their relative

DEPOSITIONAL INTERPRETATION
The Boone Formation was deposited on the southern margin of a
broad shallow platform, called the Burlington Shelf (Land and De
Keyser, 1980). Transgression and regression of this extensive carbonate
shelf during late Osagean time resulted in the succession of Boone
lithologies. Vertically, the succession oflime mudstones, wackestones,
packstones and occasional grainstones represents deposition in environments ranging from deep shelf margin to open marine shallow edge
(Liner,1980). Liner (1980) interpreted the mud-supported facies as deep
water, open marine sediments. The lack of extensive pelleting, an
indigenous marine fauna and algae suggests that these mud-supported
lithologies are not of lagoonal origin. The Short Creek Oolite in
Kansas and Missouri seems to have developed during a regressive
sequence in response to initiation of the proper hydrographic setting.
The Short Creek is continuous throughout the War Eagle Quarry.
Absence of cross-bedding and ripple bed forms was noted. The lower
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and upper

contacts of the oolitic interval are sharp and carbonate
lithologies above and below are identical mudstone. Greenberg (1981)
interpreted deposition of the Short Creek Oolite as a marine sand belt
or a tidal bar belt near an open shelf. High oolith content and crossbedding inthe Missouri Short Creek support his interpretation, but are
lacking at War Eagle Quarry.
Oolith content of the War Eagle Short Creek Oolite ranges from five
to 59 percent (Figure 1). Imbrie and Newell (1964) report that thin
sections prepard from sediment samples collected on Bahamian oolite
shoals invariably contain more than 90 percent ooliths. Recent oolite
shoals are also characterized by high energy features such as ripples

and cross stratification. Lower oolith content and the absence of crossbedding in the Arkansas Short Creek suggest it is not the site of an
ancient oolite shoal.
At the base of the War Eagle Short Creek, virtuallyno ooliths are
present. Thin sections show crinozoan detritus, syntaxial cement, and
matrix to be the dominant constituents (Figure 2A). Freeman (1962)
discusses the formation ofquiet water ooliths inLaguna Madre, Texas
with a mud content of 10 to 16 percent by weight. These quiet water
ooliths are often asymmetrical as a result of one sided oolitic accretion
(Freeman, 1962). This type of asymmetry was not observed inthe War
Eagle Short Creek. Figure 1 shows two peaks where oolith percentage
reaches 59 percent and 45.7 percent (Figure 2B), separated by an
interval where the oolith content drops to 13 percent (Figure 2C). At
the base and top of the oolitic interval crinozoan detritus percentage
is greatest suggesting "Boone" type deposition (Figure 2A).
Figure 3 compares modal analyses of the War Eagle Short Creek
Oolite with the Missouri Short Creek, described by Greenberg (1981).
Differences in characteristics of the two oolites suggest different modes
of deposition. The Short Creek Oolite in Missouri accumulated in a
high energy, shallow water shelf margin environment (marine sand belt
or tidal bar belt) during progradation of Burlington shelf deposits. The
Short Creek occurs inthe War Eagle Quarry between deep water open
marine sediments and has a markedly lower oolith content than its
Missouri counterpart, which is interpreted as a shoal (Greenberg, 1981).
This relationship suggests a turbidite origin for the War Eagle Short
Creek ina deep marine shelf environment. Although carbonate shelves
are relatively flat, storm activity may transport sediments across the
shelf proximal to a channel or steeper slope where turbidite processes
might occur. Spherical ooliths would settle out before crinozoan detritus,
which are platy and ofa lower specific gravity. The two peaks in Figure
1 may represent two turbidity flows. Absence ofcross-stratification and
other bedding features support the interpretation that the Arkansas Short
Creek was transported to its site of deposition.

Figure 2A. Photomicrograph 6 inches below
base of Short Creek (Sample 1A)

OTHER 6AMNS

CONCLUSION

based on the low oolith content and the lack of cross stratification.
Bounding lithologies suggest interruption of deep water deposition rather
than shallowing associated with oolite shoal development. Data suggests that the War Eagle Short Creek may have been deposited as a

-

turbidite which brought ooliths from the Kansas Missouri oolithshoal
(Greenberg, 1981) into the deeper water foreslope environment of
northwest Arkansas. Evidence supporting this conclusion is low oolith
percentage and the variation in oolith content. Lack of current structure and deep water strata bounding the War Eagle Short Creek
support

this conclusion.

Figure 2C. Photomicrograph 9 feet above base
5)
of Short Creek (Sample 5)
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Study of the War Eagle Short Creek reveals it is not an oolitic
grainstone, but an oolitic crinozoan packstone. This conclusion is

Figure 2B. Photomicrograph 3 feet above base
(Sample 3)

of Short Creek

MATRIX OR CEMENT

Figure 3. Lithologic comparison of Short Creek samples taken
War Eagle Quarry ( A) and Missouri Localities (•). Missouri data
Greenberg (1981).
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ABSTRACT
Twelve parameters were measured on skulls of four species of Peromyscus from Arkansas. Univariate
statistical tests, multivariate analyses of variance, and principal axis factor analyses were performed on
the data set and/or subsets in a search for species-level discriminating characters. Total length of skull
was found to discriminate between skulls of P. maniculatis, P. leucopus, and a combined group of
P. attwateri and P. gossypinus. Furthermore, the ratio of interorbital width and length of nasal bone
was found to adequately discriminate between skulls of P. attwateri and P. gossypinus.

INTRODUCTION
Individual specimens of white-footed mice (Peromyscus) are
notoriously difficult to discriminate to the species level from regions
containing two or more species (Choate, 1973; Choate et al., 1979;
Thompson and Conley, 1983). Arkansas is such a region, with four
species of Peromyscus ranging throughout at least portions of the state
(Sealander, 1979): the deer mouse, P. maniculatus (Wagner), the smallest
member of the group and normally having a well furred, short, and
distinctly bicolored tail; the white-footed mouse, P. leucopus (Rafinesque), somewhat larger and having a relatively longer and less furred
tail; the Texas mouse, P. attwateri J. A. Allen,a large member of the
genus and having a long and terminally tufted tail; and the cotton mouse,
P. gossypinus (LeConte), another large member of the genus and
having a tail with no terminal tuft. Aclosely related species, the golden
mouse, Ochrotomys nuttalli (Harlan), superficially complicates the
identification dilema, but is readily discriminated by its more posteriorly
lyingposterior palatal foramen and its anteriorly perpendicular infraorbital plate (Lowery, 1974).
While the skins of specimens of the four species of Peromyscus are,
with practice, relatively easy to discriminate among, and while the species
are fairlydistinct ecologically (Sealander, 1979; Schwartz and Schwartz,
1981), attempts to accurately identify individual skulls can be frustrating
and may result in only low probabilities of accurate classification. This
study, then, was designed to search for a character and/or group of
characters that would, with a very highdegree of probability of accuracy,
discriminate among the skulls of the four Arkansas species of

1979) through the University ofArkansas Computing Center. Analyses
included routines computing simple univariate statistics, multivariate
analyses of variance (acronymed MANOVA), and principal axis
factor analyses.

RESULTS AND DISCUSSION
Investigation began with a multivariate analysis of variance performed
on a combined data set of all four species. All12 variables generated
high F-values indicating that significant (at the 0.0001 level) variation
existed among the species over all variables. MANOVAwas followed
by principal axis factor analysis on the combined data set. Factor loading
scores were plotted along the first two principal factor axes (Fig. 1).

Peromyscus.

METHODS AND MATERIALS
Adult, unbroken skulls of both sexes were selected from clearly
diagnostic skins. Specimens were from throughout the Arkansas ranges
of the species, and all are housed in the Collection of Recent
Mammals of the Arkansas State University Museum of Zoology
(ASUMZ). Our sample included: 41 specimens of P. maniculatus, 41
specimens ofP. leucopus, 40 specimens ofP. attwateri, and 31 specimens
of P. gossypinus.
Twelve parameters were measured on each skull to the nearest 20th
of a mm with dial calipers. Parameters were as defined by DeBlase and
Martin (1974) and included: (A)length of maxillary tooth row, (B) total
length of skull, (C) basonasal length, (D) breadth of palate at molar
one, (E) breadth of palate at molar three, (F) width of interorbital
constriction, (G) length of bony palate, (H) length of nasal bone, (I)
zygomatic breadth, (J) greatest rostral width, (K)breadth of braincase,
and (L) length of anterior palatine foramen.
Allnumerical analyses were performed on SAS (SAS Institute Inc.,

.

Figure 1 Factor loading scores for four species of Peromyscus plotted
along the first and second principal factor axes. Alphabetic characters
(A-L) as defined in Methods and Materials.
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All variables correlated highly (0.7 or higher) with the first principal
axis, and only weakly with the second principal axis ( <0.5). This
factor pattern is typical forcraniometric data and suggests that factor
axis 1 represents an axis of general skull size. Factor axis 1 accounted
for 80.2% of the observed variation, while the second factor axis
The
accounted for only an additional 6.3% of the observed variation.
lack of any wellcorrelated variables prevents a reasonable biological
interpretation of factor axis 2.
A plot of factor scores by species along the first and second principal factor axes revealed good separation along factor axis 1 of P.
maniculatus, P. leucopus, and a combined group of P. attwateri and
p. gossypinus (Fig. 2). In a multivariate sense, then, skulls of
Arkansas specimens of Peromyscus can be reliably discriminated as
belonging to one of three groups on the basis of general size. In this
scheme, the smallest skulls are of P. maniculatus, the intermediate skulls
are of P. leucopus, and the largest skulls are of P. attwateri and/or
P. gossypinus.
In subsequent analyses, relationships and multivariate overlaps of
pairs of species were examined more closely. Although some degree of

overlap existed among factor scores ofP. maniculatus and P. leucopus
(Fig. 3), the degree of overlap is quite small (ina multivariate sense)
and discrimination at the species level is acceptably reliable as indicated
by MANOVA generated F values at the 0.0001 level. Never-the-less,
a check ofunivariate data revealed that no single parameter totally
discriminates between the two species. Several characters, though,
approached good (95% level) discriminatory power, includinggreatest
length of skull (Fig. 4).
Slight overlap also existed among factor scores of P. leucopus and
P. attwateri (Fig. 5). Again, multivariate overlap was slight and
MANOVAgenerated F values were high for all variables except length
ofbony palate and greatest rostral width. Greatest length ofskull again
discriminated between the species at the 95% level (Fig. 4).

Figure 4. Bar-histogram of values for total length of skull for four species
of Peromyscus. The mean and two standard deviation units either side
of the mean are included.

2. Factor scores by species plotted along the first and second
icipal factor axes. Polygons represent outlined perimeter values for
h species and large dots represent mean values foreach species. 1

Eure

P. maniculatus, 2 = P. leucopus, 3 = P. attwateri, and 4 = P.
sypinus.

Figure 5. Factor scores ofP. leucopus and
on Fig. 2.

P. attwateri, as

represented

At this point, only P. attwateri and P. gossypinus remained to be
discriminated between. Examination of a plot of factor loading scores
for these species (Fig. 6) revealed a considerably different pattern of

variation than that observed for all four species together (Fig. 1).
Factor axis 1 appears to be related to parameters of skull length, while
factor axis 2 appears to correlate best with parameters of post-nasal
width ofthe skull. Aplot ofthe factor scores of these two species (Fig.
7) revealed only fair separation along factor axis 1 Overlap of the species
appeared to be visually significant, and in fact, two specimens (6% of
the sample) ofP. gossypinus and four specimens (10% of the sample)
of P. attwateri are represented in the overlap zone. Testing by
MANOVA,however, revealed significant differences between the species

.

rire 3. Factor

scores ofP. maniculatus and P. leucopus, as represented

Figure 2.

Arkansas Academy of Science Proceedings,

Published by Arkansas Academy of Science, 1983

Vol. XXXVII,1983

51

53

Journal of the Arkansas Academy of Science, Vol. 37 [1983], Art. 1
Mensural Discrimination of the Skulls of Arkansas Peromyscus

Figure 9. Key to the skulls ofArkansas specimens of Peromyscus,
to further discriminate among the skulls ofP. attwateri
gossypinus, ratios were computed of one parameter against
another. Eventually, the ratio demonstrating the highest discriminatory
power turned out to be minimum interorbital distance divided by length
of the nasal bone (Fig. 8).
As a result of these analyses, it was possible to prepare a key (Fig.
9) to the adult skulls of species of Peromyscus occurring in Arkansas
and having at least a 95% reliability factor. Total length of skull
discriminates between P. maniculatus (X= 22.8mm), P. leucopus
(X"=25.4mm), and a combined group ofP. attwateri (X =27.7mm) and
P. gossypinus (X =28.7mm). The ratio ofinterorbital width and length
of nasal bone discriminates reasonably well between skulls of P.
attwateri (0.41 to 0.48) and P. gossypinus (0.33 to 0.41).
Finally, it must be stressed that results of this analysis are fully
predicated on the assumption that initial discrimination among these
species was correct. To validate this assumption, specimens were
intentionally selected only when skin characteristics made specific assignment positive. A potential problem inherent in this process would be
the imposition ofartificiallimits to the cranial variation present inthe
samples. It seems doubtful, though, that limits imposed by skin

In an attempt

and P.

Figure 6. Factor loading scores forP. attwateri and P. gossypinus plotted
along the first and second principal factor axes. Alphabetic characters
as in Fig. 1.

characteristics would represent limits of craniometric variation as well
examination of coefficient of variation values revealed
that for all variables except breadth of palate at molar three, skulls ol
P. maniculatus generated the highest values. For breadth of palate ai
molar three, skulls of P. leucopus generated the highest value.

Interestingly,

Figure 7. Factor scores ofP. attwateri and P. gossypinus, as represented
on Fig. 2. The dashed perpendicular line represents the mid-point along
axis 1 between the means of the two species. The heavy arrows indicate
the number of individuals from the samples falling beyond the midpoint.

level for all parameters except breadth of palate at molars
one and three and length of bony palate. However, character overlap
was extensive and univariate examination revealed no single parameter
having 95% discriminatory power for the skulls of these two species.
Two characters, length of nasal bone and greatest rostral width,
correlating highly with the first factor axis, had some discriminatory
power (80-90%).
at the 0.0001

52

SUMMARY

While the skulls of the species of Peromyscus occurring inArkansas
are difficult to distinguish between, total length of skull will discriminate
between P. maniculatus, P. leucopus, and a combined group of P.
attwateri and P. gossypinus. Subsequently, the ratio ofinterorbital width
and length ofnasal bone will adequately discriminate between skulls
of P. attwateri and P. gossypinus.
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ABSTRACT
Five subjects (three females and two males) took part in an exercise regimen in order to determine
if aerobic exercise results in an increase in high-density lipoprotein-cholesterol levels (HDL-C) inthe plasma.
The exercise regimen consisted of running three miles a day, five days per week for six months.
Running speed was at such a pace that the subjects attained a minimum of 60% of their maximal heart
rate reserve (MHRR). Before the training program began the following parameters were measured in all
of the subjects: height, weight, percent body fat, maximal oxygen consumption (VOi max), vital capacity, resting heart rate, resting blood pressure, HDL-C, plasma triglycerides (TG), and'plasma cholesterol
(TC). These same measurements were retaken every two months and at the conclusion of the study.
The exercise protocol produced significant changes in V Oi max and resting heart rate. None of the
other parameters were significantly changed.
The results of this study have shown that aerobic exercise does not cause significant changes in
HDL-C levels.

INTRODUCTION
HDL-C has been shown

to

be inversely related

to

the incidence of

cardiovascular disease (Castelli et al., 1977; Gordon et al., 1977; Miller
and Miller, 1975; Rhoads et al., 1976). It has also been found that an
increase in the HDL-C/TC ratio and a reduction in TG level (which

may occur with an increase in HDL-C concentration) may be important indicators of reduced coronary artery disease (Carlson and Ericsson,
1975; Hartung et al., 1981; Huttunen et al., 1979). Physically well-trained
individuals have higher levels ofHDL-C than sedentary people (Enger
et al., 1977; Lehtonen and Viikari,1978; Lopez-S. et al., 1974; Wood
et al., 1976). However, itis not known with certainty that high levels
ofHDL-C are due to physical activity per se. Other parameters, such
as genetic factors, may be involved. The effects of aerobic exercise
regimens on HDL-Cconcentrations have shown conflicting results, with
some of the studies showing an increase in HDL-C concentrations
(AJtekruse and Wilmore, 1973; Huttunen et al., 1979) while others have
recorded no change (Lipson et al., 1979; Squires et al., 1979; Weltman
et al., 1978). Most of the studies completed thus far have been concerned with the effects ofrather short term exercise programs on HDL-C
concentrations (Enger et al., 1980; Hartung et al., 1981; Lipson et al.,
1980).

The primary objective of the present study was to determine the
effects ofaerobic exercise on plasma lipids and lipoproteins. We were
particularly interested in noting the effects of aerobic exercise on plasma
HDL-C levels. In addition, we wished to see if an aerobic exercise
program resulted in changes in plasma cholesterol and triglyceride levels.
METHODS AND MATERIALS

Five sedentary volunteers were studied, three females and two males,
ages 21-44. None of the subjects smoked and all were ofnormal body
weight according to the Metropolitan Life weight tables. Before the
training program began, the following parameters were measured in
all of the subjects: height, weight, percent body fat, V o max, vital
capacity, resting heart rate, resting blood pressure, plasma HDL-C,

plasma TG, and total plasma TC. The same parameters were also
measured at 60, 120 and 180 day intervals during the exercise program.
Percent body fat was determined with a skinfold calipher. In the males,
skinfold measurements were taken over the chest, abdomen, and thigh
while in the female the measurements were recorded over the triceps,
thigh, and suprailium (Baun, et al., 1981).
Maximal oxygen consumption was estimated byusing the Balke treadmill test (Ellestad, 1980). Our laboratory has no instrumentation for
measuring oxygen consumption directly. However, the Balke protocol
corrects for this situation since it has determined (by directly measuring oxygen consumption in a large sample population) the oxygen
consumpion required during each stage of the test. The test was terminated when the heart rate reached 170. Heart rates during the test were
recorded with three chest leads hooked to a cardiac preamplifier. The
preamplifier in turn was connected to a Physiograph for visual display
(Narco Biosystems, Houston, TX).
Vital capacity was determined with a six liter spirometer. The subject first inspired maximally and the amount of gas collected following
maximal
a
exhalation was recorded as the vitalcapacity. Resting heart
rate was measured by direct palpation of the radial artery and resting
blood pressure was recorded with a sphygmomanometer.
Blood for lipiddetermination was drawn from the antecubital vein
after a 12-14 h fast. Samples, drawn on two days (within a week of
each other), were averaged to provide baseline values. High density
lipoproteins were determined by using a heparin-manganese precipitation procedure (Warnick and Alberts, 1978). Total cholesterol
concentrations were measured by using the ortho-phthaldehyde technique (Rudel and Morris, 1973). Serum triglycerides were analyzed by
the method described by Sardesai and Manning (1968).
The training protocol consisted of having the subjects run for three
miles per day, five times per week for six months. Since the subjects
had previously led a sedentary life style it took them one to two months
to build their stamina to the point that they could complete their daily
exercise regimen without stopping. The subjects were encouraged to
run at a speed that would exert a minimum of60% of their MHRR.
This was calculated in the following manner: 60% MHRR =
MHR-RHR x 0.6 + RHR where MHRR equals maximal heart rate
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reserve, MHR equals maximum heart

rate and RHR equals resting heart
al., 1957). Maximal heart rate was calculated by
rate (Karvonen, et
subtracting the subject's age from 220.
Statistical significance (P < 0.05) between means was determined
with a t-test. Results are expressed as mean ± standard deviation.

RESULTS

.

Physical characteristics for the subjects are shown in Table 1 The
not result in a significant change in weight,
percent body fat, vitalcapacity or resting blood pressure inany of the
A
significant change in resting heart rate however, was
subjects.

exercise program did

recorded.
Table 2 shows the

changes that occurred in the V o max during the
study. The post-training Vo max of 56.8 ml/kg/min was significantlygreater than the pre-training mean of50.0. One subject (#5) had to

discontinue running after four months because of a cold weather
induced asthmatic condition. Therefore a four month Vo max figure
was used as the final reading in this case.
The changes that occurred in TC, HDL-C, and TG during the study
are reflected in Table 3. TC levels fell from 175.6 ± 9.2 to 167.8 ±
23.8 mg/dl. HDL-C levels declined from 56.8 ± 8.9 to 51.6 ± 9.8
mg/dl. TG decreased from 50.6 ± 30.9 to 42.6 + 9.8 mg/dl. However,
none of these changes were significant. One subject (#3) had started
on a protein sparing diet a short time before the conclusion of the
project. The diet probably caused the massive changes seen in his blood
chemistry profile.

Physical characteristics
for individual subjects at
beginning (B) and end (E) of the experiment.

Table 1.

the
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Table 2. Changes in Vo max

(ml/kg/min) during the study.

DISCUSSION
A negative correlation between coronary artery disease (CAD) and
plasma HDL-Clevels has been welldocumented (Castelli et al., 1977;
Gofman et al., 1966; Gordon et al., 1977). In addition, Rhoads et al.
(1976) demonstrated that the negative correlation between CAD and
HDL-C was independent ofother chemical or risk factors. Inthe 1950's
and 1960's several investigators also discovered a negative correlation
between high levels of physical activity and CAD (Breslow and Buell,
1960; McDonough et al., 1965; Morris et al., 1953; Morris and
Crawford, 1958; Taylor et al., 1962).
Recently several studies have focused on the possible relationship
between exercise and HDL-C levels. Cross sectional studies, in which
different populations are compared, have revealed that middle-aged runners and cross country skiers have significantly higher levels ofHDL-C
than do their more sedentary counterparts (Enger et al., 1977;
Hartung et al., 1978; Wood et al., 1976). Cross sectional studies,
however, do not reveal whether the high levels of HDL-C observed in
physically active people are the result of exercise or some other mediator,
perhaps genetic innature (Hartung et al., 1980). Several studies have
indicated that increased levels of physical activity cause increases in
HDL-C levels (Altekruse and Wilmore, 1973; Enger et al., 1980;
Lopez-S. et al., 1974). In contrast to these findings, the present study
revealed no correlation between HDL-C levels and physical activity.
Even after an increase inaerobic fitness was clearly established, there
was no corresponding increase in HDL-C levels in any of our five
subjects.
There are two possible explanations for the discrepancies between
the present study and earlier studies in regard to the correlation
between physical activity and HDL-C levels. First, the earlier studies
were not conducted for as long a period of time as our study. It has
been shown that increases in V o max do not start to appear until after
15 to 20 weeks ofexercise (Pollock et al., 1969; and Pollock et al., 1969).
None of the earlier studies exceeded three months in duration while
our study was conducted over a six month time period. Secondly, in
the earlier studies there was always a weight loss associated with the
increased physical activity. Many investigations have shown that HDL-C
is inversely related to body weight and this may explain the increased
HDL-C levels recorded in the earlier studies (Avogaro et al., 1978;
Carlson and Ericsson, 1975; Gordon et al., 1977; Hulley et al., 1979;
Rhoads et al., 1976). There was no significant weight loss inour study
or ina study conducted by Lipson et al. (1980) in which the diet was
rigidly controlled. Finally, Lipson et al. (1980) also did not find an
increase in HDL-C levels as a result of exercise.
There were no significant changes in TC or TG levels in this study.
Other investigations have shown that along with an increase in HDL-C
concentrations, there is also an increase in the HDL-C/TCratio and
a decrease in the TG levels (Carlson and Ericsson, 1975; Hartung et
al., 1981; Huttunenet al., 1979). However, those types of findings could
not be confirmed in our study since there were no significant changes
in HDL-C, TC, or TG levels.
Insummary, the exercise regimen utilized in the present study resulted
in an increased level of aerobic fitness after 180 days as revealed by
the significantly increased V o max in all five subjects. The TG and TC
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plasma, however, remained unchanged throughout the
study. Likewise, we could not establish a positive relationship between

levels of the

aerobic fitness and HDL-C levels.
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ABUNDANCE AND SEASONAL OCCURRENCE OF
PSOROPHORA COLUMBIAE (DIPTERA: CULICIDAE)
IN A NORTHEAST ARKANSAS
RICEFIELD COMMUNITY
LARRY A. OLSON and JULIA A. HUGGINS
Department of Biological Sciences
Arkansas State University
State University, Arkansas 72467
ABSTRACT
Increased population levels of the dark ricefield mosquito, Psorophora columbiae (Dyar and Knab),
have been shown to be associated with rice cultivation in Arkansas and several other states.
Four standard New Jersey light traps were operated daily between May 30 and October 2 of 1 981
and 1 982 to determine the relative abundance and seasonal occurrence of this species in NE Arkansas.
The effect of trap distance from nearby rice on the number of adult P. columbiae collected was
assessed by comparing weekly totals from 2 traps located within 0.9 km of rice fields with totals from
2 traps situated beyond 1.2 km.
A total of 68,1 55 mosquitoes representing five genera was trapped during this study. Of this number,
45,760 (67.1 % of all mosquitos captured) were P. columbiae. Female adults comprised 98.8% of the
trapped ricefield mosquitoes. The peak period of abundance for this species was found to occur
between mid-July and late August and was closely associated with area rice-culture practices. The
capture of more than 95.0% of all P. columbiae adults within0.9 km of rice fields confirmed the reported
short flight range of this species.
INTRODUCTION

Since rice was first grown as a commercial crop inArkansas in 1904
(Whitehead, 1951b), Arkansas has become one of the five leading
rice-producing states in the U.S. with ca. 6,000,000 ha in rice production (Meisch et al., 1980). Although some rice acreage exists incentral
Arkansas counties bordering the Arkansas River, and some occurs in

>
:

the southwestern counties, most rice cultivation is limited to the eastern
half of the state. The largest rice-producing region in E Arkansas is
centered in the "Grand Prairie" area whichincludes Arkansas, Lonoke,
Monroe, and Prairie counties. In Craighead County in NE Arkansas,
33,590 ha of rice were planted in 1981 and 33,376 ha were grown in
1982 (Fagala, pers. comm.). Of this amount, an estimated 7,500 ha in
1981 and 7,000 ha in 1982 were cultivated within a 2.5 km radius of
Jonesboro.
It has been well established that the rice agroecosystem provides
suitable breeding sites for several mosquito species including the dark
ricefield mosquito, Psorophora columbiae (Dyar and Knab). Schwardt
(1939) and Horsfall (1942b) reported that P. columbiae was the dominant mosquito species in Arkansas rice-producing areas and that
rice-culture conditions permit the development of several generations
of this species during the growing season. The suddenness with which
a local population of this mosquito may increase further emphasizes
its importance. Whitehead (1951b) stated that ricefield mosquitoes in
Arkansas have increased in direct proportion to the state's increased
rice acreage and that mosquitoes present a serious problem wherever
rice is grown. Studies of the flight habits of ricefield mosquitoes by
Horsfall (1942a), Quarterman et al. (1955), and Whitehead (1957) have
shown that the majority of mosquitoes produced by rice fields remain
within 1.2 km of the field in which they developed and are more likely
to be of importance near rice acreage.
Host-preference precipitin tests conducted by Whitehead (1951a)
indicated that cattle serve as the major bloodmeal source for female
P. columbiae. Experiments by Sudia et al. (1971) showed that this species
was capable of transmitting Venezuelan equine encephalitis (VEE) and
that it was an important vector of VEE in nature. Steelman et al. (1972,
1973) and Steelman and Schilling (1977) reported that mosquitoes
produced in Louisiana rice-growing areas could be important vectors
of anaplasmosis to cattle and cause significant and economicallydamaging reductions in the average daily weight gain of cattle. Additionally, Meisch and Coombes (1975) have reported that P. columbiae

peak from mid-June to mid-July which
can be an extreme nuisance to farmers and residents near rice fields.
Several Arkansas investigators, including Schwardt (1939) and
Horsfall (1937, 1942a) have published lists of mosquito species collected
with light traps in Arkansas rice-growing regions. However, no light
trap studies of mosquitoes inNE Arkansas have been reported and there
are no reports ofidentified mosquito species collected from the NErice
section (Meisch et al., 1980).
The primary objective of this two-year study was to determine the
relative abundance and seasonal occurrence ofadult P. columbiae in
a NE Arkansas rice-producing area using the New Jersey trap as a
sampling device. Previous investigations in the "Grand Prairie" region
of Arkansas have shown that there is a rather abrupt decrease in the
number of ricefield mosquitoes collected as distance from rice fields
is increased. Therefore, a secondary aim of this study was to evaluate
the effect of light trap location, with respect to nearby rice acreage,
on the number of P. columbiae collected in a NE Arkansas ricefield

inArkansas have a population

community.

MATERIALS AND METHODS
To assess P. columbiae abundance and seasonal occurrence, a
standard New Jersey light trap was placed at each of four locations
within the city limits of Jonesboro, Arkansas in 1981 and 1982. The
effect of relative distance from surrounding rice fields on the number
ofadults collected was evaluated byplacing two traps near the periphery
and two traps closer to the center of the city.
One of the two peripheral traps (designated Airport) was located on
the SW corner of the Jonesboro Municipal Airport. This trap was in
an open, grassy area isolated from competing light sources and was
within 0.3 km of a large rice field.The power source for this trap was
regulated by a photocell. The second peripheral trap (designated Race
Street) also was situated in a relatively remote area and was photocell
controlled. This trap was within 0.9 km ofseveral rice fields and was
immediately surrounded by grassy patches intermixed with brush and
clumps of small trees.
A third lighttrap (designated ASU, and one of the two central traps)
was located on the campus of Arkansas State University in a grassed
area and near several large buildings. Lack of photocell necessitated
operation of this trap on a continuous basis. Although there was some
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nearby lights, it was considered to be
attraction competition fromfield
rice
was over 1.2 km away. The second
minimal. The nearest (designated
Culberhouse Street)
at the margin

was
centrally-located trap
of a small park and also was operated continuously. The distance from
this trap to the nearest rice field exceeded 1.9 km.
Light trap catches from all locations were collected daily between
May 30 and October 2 during both study years. Mosquitoes in each

sample were sorted and identified utilizing the taxonomic keys of
Carpenter et al. (1946), Carpenter and LaCasse (1955), and Stojanovich
(1960). Daily trap totals were summed for each week of the 18-week
study period.
RESULTS AND DISCUSSION

A total of68,155 mosquitoes representing fivegenera was collected
in four lighttraps during the two years ofsampling. Of this total, 34,041
(49.9%) and 34,114 (50.1%) were captured in 1981 and 1982, respectively. It should be noted that all traps were in areas subjected to periodic
applications of a mosquito adulticide by ground-operated, ULV
cold-aerosol generators. This undoubtedly lowered the total number
of mosquitoes collected during the study and may have had more of
an impact on the central trap locations which were farther from the
main source of reinfestation. The two-year total for the number of P.
columbiae trapped was 45,760 which represented 67.1% of all
mosquitoes captured. The remaining 32.9% of the two-year total was
composed of the genera Anopheles (16.6%), Aedes (8.5%), Culex
(7.7%), and Culiseta (0.1%). The high percentage of the mosquito
population attributable to P. columbiae in this study generally corresponds with the results ofSchwardt (1939) and Horsfall (1942a) who
reported percentages ranging from 37 to near 90% of the mosquito fauna
in the "Grand Prairie" region. These data also confirm the conclusions of Whitehead (1957) and Meisch and Coombes (1975) that P.
columbiae is the primary pest-mosquito species associated with rice
culture in Arkansas.
In1981, a total of 21,085 P. columbiae was collected and this number
represented 61.9% ofall mosquitoes captured for that year. In 1982,
24,675 were trapped representing 72.3% of the year's total catch. The
periods of greatest abundance for this species in each of the two years
were generally between late June and mid-to-late August (Figs. 1 &2).

I;ure .

1 Comparison of weekly totals of adult Psorophora columbiae
h all adult mosquitoes trapped at four locations in Jonesboro,
kansas in 1981. (Semi-Log. Scale)

Figure 2. Comparison of weekly totals ofadult Psorophora columbiae
with all adult mosquitoes trapped at four locations in Jonesboro,
Arkansas in 1982. (Semi-Log. Scale)

This findingis in agreement with results published by Schwardt (1939),
Horsfall (1942a), Whitehead (1957), and Meisch and Coombes (1975).
It also is consistent with observations made by the authors in Craighead
County between 1975 and 1980.
In 1982, the highest weekly total for P. columbiae (5,227) was
collected during the first week in August (Fig. 1). In1982, population
peaks of 4,492 and 3,452 occurred in rate July and late August, respectively (Fig. 2). The gradual rise and rather sharp fall of the P.
columbiae population in both years was closely associated with area
rice-culture practices. The population increased quite rapidlyin late June
and early July ofboth years as more fields were flooded. The abrupt
decline of ricefield mosquito numbers in late August of each year corresponded closely with fall drainage. According to Horsfall (1942a),
P. columbiae normally exhibits two periods of maximum abundance
during the summer. Variation in the timing of these peaks and the
extent of their overlapping is primarily determined by the spread of
rice planting dates over a given area. A short planting interval, as
occurred in 1982 in NE Arkansas, will result in two definite peaks of
abundance because adults emerging after the initial flood will have
largely disappeared before the second peak of abundance appears following normal, mid-season cultural drainage and reflooding. When the
planting interval extends over several weeks, as it did in 1981 due to
frequent rains, the two peak periods of abundance will overlap because
adults produced byearly-planted fields that have been reflooded after
cultural drainage will be emerging at the same time as those coming
from the initial flooding of late-planted fields.
The relatively higher numbers ofP. columbiae in early June of 1981
were believed to be the result of a greater amount of rainfall (21.13
cm) in May of that year than that experienced in May of 1982 (12.60
cm). Followingthe decline ofricefield mosquitoes in September ofboth
years, Culex, Aedes, and Anopheles mosquitoes represented the main
components of the population.
Figures 3 and 4 present a comparison of the combined adult male
and female P. columbiae collected in the two peripherally-located traps
(Airport and Race Street) with those captured by the centrally-located
traps (ASU and Culberhouse Street) for 1981 and 1982, respectively.
In both years, the data clearly indicated that light traps located within
0.9 km of rice fields caught a significantly greater number of P.
columbiae than did traps situated from 1.2 km to 1.9 km away. This
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Figure 3. Comparison of weekly totals ofadult Psorophora columbiae
trapped at two peripheral and two central locations in Jonesboro,
Arkansas in 1981. (Semi-Log. Scale)

Figure 4. Comparison of weekly totals ofadult Psorophora columbiae
trapped at two peripheral and two central locations in Jonesboro,
Arkansas in 1982. (Semi-Log. Scale)

finding

oviposition-site location may restrict their movements to more open,
treeless regions between wooded areas.
The Table also shows that 98.0% of the captured P. columbiae adults

further substantiated earlier work by several investigators in
Arkansas including Schwardt (1939), Horsfall (1942a), Quarterman et
al. (1955), and Whitehead (1957).
A more detailed comparison of the number of P. columbiae collected
in the peripheral and centrally-located traps is presented in the Table.
In 1981, the two peripheral traps, which were within 0.9 km of several
rice fields, accounted for 95.8% of the adults captured. In 1982, the
same peripheral traps caught 95.6% of all ricefield mosquitoes collected.
The two centrally-located traps, which were 1.2 km to 1.9 km from
the nearest rice, caught only 4.2% of the 1981 P. columbiae adults and
4.4% in 1982.
In addition to the effects of trap distance from rice acreage, it is
believed that competing light sources and the physical barriers presented
by trees and buildings may have had a negative influence on the number
of ricefield mosquitoes found in the central traps. Horsfall (1942a)
concluded that this species does not readily enter wooded areas and
the tendency of females to fly close to the ground for host and

in 1981 were females as were 98.7% in 1982. Reasons for the comparatively low numbers of males in all traps in both years are not
completely understood. However, in ricefield mosquito flight-habit
studies by Horsfall (1942a), it was noted that the majority of the males
normally do not flyover 274 m from their breeding sites. In samples
with whirling-cone traps at 1.2 m and 2.4 m levels, it was found that
73.0% of all males were collected at the higher elevation. It also was
suggested that males may flyin greater numbers still higher than 2.4 m
thus reducing the chances of their being taken in a standard light trap.
It is not known by the authors ifmale and female P. columbiae are
equally attracted to an incandescent light source.
In summary, our data support the conclusion that P. columbiae is
the main component of the mosquito fauna in the rice-growing region
ofNE Arkansas. The period of peak abundance for this species occurs

Table. Comparison ofnumbers of adult female and male Psorophora columbiae collected
1981

PERIPHERAL TRAPS
RACE ST.

AIRPORT
%
N

SEASON TOTAL/ TRAP
FEMALES
MALES
1982

?

15,031
14,784

7 1.3

98.4

N
5,171
5,094

247

1.6

77

24.5
98.5
1.5

X

11,599
11,464

47.0
99.0

135

1.0

N
11,996
11,893
103

%

48.6
99.0
1.0

four locations in Jonesboro, Arkansas in 1981 and 1982

CENTRAL TRAPS
CULBERHOUSE ST.
%
N
X

_

ASU
N
531
492
39

PERIPHERAL TRAPS
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AIRPORT
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at

2.5

352

92.7

302

7.3

50
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85.8
14.2
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N
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20,672
413
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54
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2.5
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8.7

N
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1.9
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461
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%

24,675
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between

mid-July and late August and is closely associated

with area

practices. The trapping of more than 95.0% ofall P.
'ice-cultivation
adults within0.9 km ofrice fields confirms the previously-

•olumbiae

•eported short flight range of this species.
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COMPUTER PATTERN RECOGNITION
OF ACTION POTENTIALS
RONALD S. REMMEL*
Department of Physiology and Biophysics
University of Arkansas for Medical Sciences

4301 W. Markham Street
Little Rock, Arkansas 72205
ABSTRACT
A general method of pattern recognition was applied to the problem of recognizing extracellularly-recorded
neuronal action potentials in the presence ofnoise and other pulses. A PDP1 1/23 performed the calculations. There were four stages: 1 .) A bandpass filter attenuated noises; 2.) the data input program
digitized the signal every 55
If the signal exceeded a threshold, 12 samples of the signal and the
time were written onto the disk; 3.) the pulse discriminating program recognized an action potential by
fitting the 1 2 points with this function:
+ 2) exp(-t/T).
v(t) = (a +

bt

ct

For each pulse the computer determined values of the parameters giving the best fit through use of the
least squares technique. For acceptance, the total pulse height and the position of the zeroes of v(t)
must fall within limits; 4.) occasionally a pulse may be missed or an extra one recorded. The computer
displayed the complete pulse train and the operator moved a cursor to insert or delete pulses.
INTRODUCTION
Signals inthe nervous system are transmitted along axons as pulses
potentials. Ifa microelectrode is inserted
inside a neuronal cell body or axon, a resting potential of about -60
mV is measured with respect to the extracellular fluid. The resting potential is a thermodynamic consequence of the fact that the intracellular
potassium concentration is much HIGHER than outside. In contrast,

of electricity called action

the signal exceeds a preset voltage. However, sometimes a large noise
transient is mistaken for an action potential.
We present a new method for distinguishing between action potentials ofinterest and noise and background units. The method has four
stages: I
.) an analog bandpass filter attenuates the noise; 2.) the computer writes onto disk 12 digitized samples ofeach pulse; 3.) offline
the computer fits this function to the 12 points:
v(t) = (a

the intracellular sodium concentration is much LOWER than outside.
These concentrations are maintained by the cell's sodium-potassium

pump.
An action potential is a positive-going pulse of about 100 mV
amplitude and about 0.5 msec duration superimposed upon the resting
level (Ganong, 1981). The rising phase of an action potential occurs
when membrane channels selectively permeable to sodium ions open
and sodium ions rush into the cell. This inrush of positive charges causes
the membrane potential to go positive. The failing phase is caused by
the sodium channels closing and potassium channels opening. The
outflow of potassium ions leaves a net negative charge inside, causing
the membrane potential to return to its negative resting potential. This
voltage wave propagates rapidly down the axon at speeds up to 120
m/sec with no attenuation inamplitude. Action potentials are usually
initiated byexcitatory synapses. Standard textbooks give further details
(Ganong, 1981).

An intracellular recording ofaction potentials is difficult to obtain
in the alert, behaving animal because the microelectrode is easily
jarred out of the cell. Itis easier to record action potentials extracellularly
by inserting a microelectrode into the brain to within 50
of a neuronal
cell body. The pulses are 'v 1mV in amplitude and generally negativepositive biphasic waves. The negative phase is caused by sodium ions
moving away from the microelectrode into the cell. The positive phase
is caused by potassium ions moving out of the cell towards the
microelectrode.
Typically the height ofrecorded action potentials is only 3-20 times
the noise level of30 /tV. This noise is caused by the thermal motion
of charges in the electrode and amplifier. The usual method to
distinguish between neuronal pulses and noise is to use an electronic
circuit called a discriminator, which gives an output pulse only when

+ bt + ct2) exp(-t/r).

This function was chosen because it has a biphasic shape which is very
similar to that ofan extracellularly recorded action potential. The pulse
is rejected ifits height or ifthe shape of v(t) deviates beyond limits;
4.) another computer program allows editing the data filefor apparently
missing or extra pulses. More details have been presented in another
publication (Remmel, 1983).

MATERIALS AND METHODS
Action potentials were recorded extracellularly with glass micropipettes in the pons of alert cats making eye movements (Remmel and
Skinner, 1981). We recorded the neuronal signal in direct mode on a
TEAC A-2340SX high-fidelity tape recorder for computer analysis at
a later time. The computer belongs to the NSF EPSCOR Program
(Neuroscience Component) and is a D.E.C. PDP1 1/23 (MINC-11) with
the following equipment:
128 KByte of MOS-FET memory (only 64 KByte used)
dual RL01 disks (5 MByte each)
ADV11-A analog-to-digital converter (A/D)
KEF11-AA floating point processor
VT105 graphics terminal
Nicolet Zeta plotter
The bandpass filter
Electrode and amplifier noise, a major source of spurious pulses, is
attenuated by the analog bandpass filter (Fig. la). Component values
were selected to optimize the pulse height relative to white noise (equal
noise energy at all frequencies). The filterpasses 300-3000 hZ (Fig.lb);
the pulse (Fig. lc), although attenuated to 40%, is qualitatively
unchanged.

Biomedical Engineering Department, Boston University, 110 Cummington St., Boston, Mass. 02215.

?Present address:

The data input program
This MACRO- 11 program digitizes data in real time and stores it
on the disk for later analysis. The operator types in the trigger level,
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Figure 2. Curves fit to the 12 voltage measurements (55 /tsec apart) for
pulses from an abducens interneuron (unit 98.98). The function fit to
the points is described in the text. A-B: Acceptable pulses. C-H:
Rejected pulses. The following are the reasons for rejection: The
second zero of the fitted function is too far to the right in C and D

.

Figure 1 A bandpass filter for action potentials (A). The unity-gain
amplifier (National type LF355H) functions to drive subsequent
circuits. The filter has sharp cut-off at high frequencies (Bode plot, B)
in order to attenuate electrode and amplifier noise. The filter blocks
D.C. and attenuates low frequencies such as 60 Hz. For a biphasic pulse
into the filter (C), a computer program numerically solved the
ferential equations to give the output pulse shape. It is attenuated

St

40% but otherwise little changed.

and too far to the left in E and F. In G the pulse height is too small.
No zeroes occurred in H.
the exponential causes a decay at long times and produces a minimum
(Fig. 2a). This function thus has an ideal shape for describing action
potentials. The operator chooses one r givinggood fits for good pulses,
the computer then calculates a, b and c by the least squares technique,
that is, by minimizing S:
S = E (y,

is set low but not so low that the computer is inundated with
illnoise pulses. The A/D converter samples the signal every 55 /isec.
sample
he
exceeds the trigger level, more samples are taken until
are accumulated, including the one preceding the trigger. We call
se samples y,(\ = 1 to 12). The 12 samples and the time of the pulse
written onto disk. One disk can hold about 30 min. of data.

Iich

The pulse discriminating program
This FORTRAN program reads a disk file, rejects bad pulses, and
writes only the time of accepted pulses back onto the disk. The following function is fit to the 12 voltage samples for each pulse by the least
squares technique:

v(t) = (a

The

+ bt +

) exp(-t/r).
ct!

- v(t,)) ,
J

,

etc.
where t = 0 /isec, t 2 = 55
For acceptance, the locations of the zeroes of v(t) must fall within
the limits specified by the operator. The height of the pulse also must
fall within limits. Summary statistics printed at the end show the number
of accepted and rejected pulses and histograms of the pulse heights and
of the two zeroes. This program takes 80 msec/pulse.

The pulse insertion-deletion program
Sometimes a pulse is missed or an extra one recorded. This program
displays a graph of the instantaneous interspike frequency (ISF, which
equals I/At, where At is the time between two pulses). Ifthe neuron
fires at a steady rate, the missing or extra pulses are easily seen on this
graph. The operator moves a cursor to point to the location ofthe defect
and the computer inserts or deletes pulses.

polynomial is an inverted parabola (one maximum and two zeroes);
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RESULTS

function

The operator can view on the graphics terminal the 12 voltage samples
and the fitted function v(t) for accepted and/or rejected pulses (Fig.
2). For this neuron, the threshold was set to -32
The t was set
to 150 ftsec, a value givinggood fits. The reasons for rejecting pulses
C-H are given in the caption. For accepted pulses (A,B) the fitted curve
showed little variation in shape from pulse to pulse. The most sensitive
measure of shape was found to be the time difference between the two
zeroes on the abscissa, which was 243 ± 17 fisec (av. and std. dev. for
27,147 good pulses for the neuron of Fig. 2). The 17 /isec standard deviationis much less than the 55 jisec between samples, implying that the
computer had "interpolated" between points. For this neuron the total
pulse height (difference between the maximum and minimum) was 165
± 44 jiV on the average for good pulses and fluctuated during the
recording because the microelectrode moved relative to the cell. Thus
although the pulse height fluctuated, the zeroes varied little.
DISCUSSION
Pattern recognition involves determining how similar the pattern of
points is to a model pattern. Let us call those points (X;,y>)
for n points. A general procedure is to describe the model pattern by
a mathematical function v(x,a,b,...), which may have one or more
adjustable parameters a,b,... . This function is fit to the points by the
least squares method, i.e., the following function is minimized by
adjusting a,b,...:

measured

S = Z (y;

- v(x,,a,b,...))

2

(The least squares method is nearly identical to the chi-square method,
the latter simplyhaving statistical weights multiplying each term.) The
minimization in our case involves solving 3X3 matrix equations, for
which a subroutine is available. Ifthe fit is bad (sum ofsquares large)
or ifthe parameters deviate beyond prescribed limits, the event is
have previously used this method
rejected
it's not like the pattern. I
for testing whether millions of particle reactions detected in a high-energy
physics experiment were consistent with a reaction in which a positive
kaon decayed into three charged pions (Ford et al., 1972).
My method fits 12 points with a 4-parameter function. More details
of the pulse shape can be fitby the template method ofProchazka and
Kornhuber (1973), which is a least squares method. The contour-fitted
amplitude window used by Kent (197 1) tests complex waveforms without
much computer times, but does no smoothing as is done by this least
squares method. Other methods extract features of the pulse from the
digitized points. For instance, the methods of Mishelevich (1970) and
of Vibert and Costa (1979) calculate the maximum and minimum
amplitudes, the time between the maximum and the subsequent zero
crossing, and the time between the maximum and the minimum. These
methods provide no smoothing nor interpolation of points.

—

My method employs a least-squares fit of a 4-parameter
having a biphasic shape which is very similar to that of an action pot
en
tial. Pattern recognition is accomplished as follows: An action potential
is represented as a point in a 4-dimensional space; those points falling
outside of a certain volume in that space are rejected as being unlike
the pattern. This method of pattern recognition is widely applicable
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ZOOPLANKTON COMMUNITY STRUCTURE IN
DARDANELLE RESERVOIR, ARKANSAS, 1975-1982
JOHN D. RICKETT and ROBERT L. WATSON
Biology Department

University of Arkansas at Little Rock
Little Rock, Arkansas 72204
ABSTRACT
Zooplankton was collected at 10 stations in Dardanelle Reservoir from 1975 to 1982. Current data
were compared to a five-year preoperational study phase. Rotifer taxa strongly dominated the community.Overall abundance was higher, variety about the same and diversity lower than those of comparable
studies. Thermal discharges caused a dominance shift between two rotifer taxa, slightly depressed
abundance and variety, did not noticeably affect diversity and elevated the phytoplankton/zooplankton
ratio. Heated effluent also stimulated stronger fluctuations in abundance and variety. Other studies
indicate that in upper sections of the Arkansas River drainage, microcrustaceans dominate lake habitats
whereas rotifers dominate riverhabitats. Insimilar northern and eastern habitats, microcrustaceans were
generally dominant.

INTRODUCTION

Much of the basic descriptive work in Arkansas with zooplankton
was done under the auspices of the Water Resources Research Center
(Schmitz, 1974, 1975, 1978). Sinclair and Watson (1978) conducted a
five-year survey of the zooplankton community composition in
Dardanelle Reservoir prior to the beginning of power generation by
Arkansas Nuclear One (ANO)Unit I.Palko (1970) collected and identified zooplankton from two stations in the upper lllnois Bayou arm
of Dardanelle Reservoir during the summer and autumn of 1969.
Numerous reports attempting to describe and quantify the impacts of
thermal discharges have come from other states (Carlson, 1974; Gehrs,
1974; Anderson and Lenat, 1978; Milleret al., 1976; Edmondson, 1965).
Analysis of the structure of zooplankton communities should receive
much more research effort than in the past. This report is a general
examination of data collected over an eight-year period, 1975-1982,
during which ANO Unit I
was operative. We will attempt to describe
basic community structure and relate such to thermal discharges. Main
points to be addressed in this report are (1) seasonality or periodicity
of community diversity, (2) which taxa are dominant and when, (3)
changes in abundance and diversity related to season and location with
respect to power plant discharge, and (4) evidence of long-term trends
or shifts in community structure.

Figure 1. Plankton smampling stations on Dardanelle Reservoir,
Arkansas, 1975-1982.

taxon in turn, and N is the total number of organisms in the
sample (per liter). Values are positive; the larger ones indicating greater
diversity.

each
MATERIALS AND METHODS

Zooplankton samples were collected in January, April, July and
October of the years 1975-1982 by straining 10 1. of water through a
standard No. 20 Wisconsin-style plankton net. The water column was
sampled by taking 2 1 of water each from near the bottom, mid-depth
and 0.6 m. plus 4 1 from the surface. Ten stations were sampled quarterly and the samples preserved inMeyer's Fixative. Figure 1 is a line map

..

of the reservoir showing the locations of the sampling stations. Close
stations (1,2,3,5,10) were those affected by effluent from the power
plant as determined by the thermal measurements, however not all five
stations were necessarily affected at any one time. For example, a
southeast wind tended to move the effluent toward Sta. 2 away from
Sta. 10. Distant stations (11,14,15,16,21) were not measurably affected

by the discharge.
he lab a 1 ml. aliquot was transferred to a Sedgwick-Rafter
ng cell, and quantitative evaluation was made by counting
nly-spaced strips across the counting celluntil approximately 40
t of the area was examined. Organisms were identified to genus
possible and reported as organisms per liter. Statistical procedures

I

ed calculation of the number of taxa (genera), number of Inals, mean number of individuals per taxon and community
Ity at the genus level. Diversity was calculated with the Shannon

Index, d

=

-E( ')fn( '), where
N

N

ni is the number of organisms in

RESULTS AND DISCUSSION
Table 1 lists the genera of zooplankton collected during the study
period (excluding unidentified specimens, nauplii and eggs). Quite often
the nauplii and/or eggs counted comprised a significant proportion of
the sample. Twenty-six genera representing 22 families in three phyla
were identified. Rotatoria contained 46.2 percent of the genera and 40.9
percent of the families. Wilhm et al. (1977) collected 27 genera in the
Arkansas River near Ponca City, Oklahoma (excluding unidentified
taxa). They obtained three genera of Protozoa, seven ofRotatoria and
four ofmicrocrustacea not obtained in our study, whereas our study
obtained eight genera of Protozoa, three of Rotatoria and two of
microcrustacea not obtained in theirs. Palko (1970) reported three genera
of Protozoa (allCiliata), one genus of Cladocera (Diaphanosoma) and
11 genera ofrotifers not recorded in this study.
Table 2 contains mean numbers of organisms and taxa, number per
taxon and diversity values grouped by season. Although there was considerable fluctuation from year to year within a given season, the means
show the greatest overall abundance occurred in July and the lowest
inOctober. That close stations had more organisms than distant stations in January and April was probably due to the heated water which
elevated metabolism allowingthem to take greater advantage ofavailable
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.

Taxonomy ofzooplankton inDardanelle Reservoir, Arkansas,
1975-1982. (Protozoa after Kudo, 1966, modified; others after
Edmondson, 1959).

Table 1

Phylum Protozoa
Phylum Arthropoda
Class Saroodina
Class Crustacea
Family Bosminidae
Family Actinophryidae
1. Actinosphaerium
21. Bosmina
Family Difflugidae
Family Daphnidae
2. Difflugia
22. Daphnia
Family Holopedidae
Class Ciliata
Family Didiniidae
23. Holopedium
Family Polyphemidae
3. Didinium
Family Epistylidae
Zk. Polyphemus
4. Epistylis
Family Cyclopidae
5- Opercularia
25- Cyclops
Family Diaptomidae
Family Halteridae
6. Strombidium
26. Diaptomus
Family Vorticellidae
7. Vorticella
Class Suctoria
Family Podophryidae
8. Podophrya
Phylum Rotatoria
Class Monogononta
Family Asplanchnidae

9.

Asplanchna

Family Brachionidae
10. Brachionus
11. Kellicottia
12. Keratella
13- Notholca
Family Lecanidae

14.

Monostyla

Family Notommatidae
15. Enteroplea
Family Synchaetidae

16.

I

taxon

JANUARY
Stations
Year
Close
1975
Distant
Close
19/6
Distant
Close
1Q
19(V
Distant
Close
19/0
Distant
Close
19/9
Distant
Close
19B0
Distant
Close
lnH1
lyB1
Distant
Close
1902
Distant
„
Close
Distant

,._,
.„_,.

,,
,.,„

,.„.

,„„,

,„„,
,„„,
1976
,„„„
"
APRIL
1975
1975

ly

.<.„„
1V/B

'-y

1O O

ly

Polyarthra

Family Prichoceridae
17. Trichocera
Family Flosculariidae
18. Lacinularia
Family Hexarthridae
19. Hexarthra
Family Testudinellidae
20. Filinia

food sources. Wilhm et al. (1977) obtained considerably
fewer organisms, but their maximum density was also observed in summer. Smith et al. (1979) obtained maximum biomass in June and July
in a small pond in northcentral Texas. Kochsiek et al. (1971) obtained
up to 267 organisms per liter in Keystone Reservoir, Oklahoma; a value
closer to the numbers obtained in our study.
The greatest fluctuation (31-fold) over the entire study period occurred
in January, whereas the slighest fluctuation of 2.7x occurred in
October. Figure 2 shows mean numbers of organisms inchronological
sequence. The peaks of abundance were not closely correlated with
season, but four peaks at close stations occurred in January, two in
April and one in July. At the distant stations six peaks occurred in
July and three in January. Distant stations had greater abundance 19
times of32 possible and were greater by an average of 64 organisms.
When close stations showed greater abundance, they were greater by
an average of 115 organisms. Fluctuations can sometimes be partially
explained by normal patchiness ofdistribution (Bowles and Wilhm,
1977). In Dardanelle Reservoir the heated effluent apparently stimulated
stronger fluctuations perhaps by increasing the patchiness ofthe distribution which could result from the mixing of the heated effluent with
reservoir water. The effluent also caused a slight depression ofnumbers
of organisms in July and October.
Figure 3 shows the variety (mean number of taxa) of zooplankton
inchronological order. At close stations six of 10 peaks occurred in
July, two in January and one each in Apriland October, whereas at
distance stations four peaks were in July, two inOctober and one each
in January and April.Distant stations had greater variety 19 times.
Figure 4 shows the mean number of individuals per taxon. Four of eight
peaks occurred inJanuary at close stations whereas four ofnine peaks
were in January at distant stations. Distant stations were greater than
close stations 20 times out of 32, but were greater by only 8.6. When
close stations were greater, the difference was 21.8. Again their is Inphytoplankton

Summary of zooplankton abundance, variety, number p
er
and community diversity, Dardanelle Reservoir, Arkansas
1975-1982.

Table 2.

lqHn
19B0

,
19B1
,19BZ,
1QB

QH

ll°l
„
Mean

Close
nictnnt.
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
nistant
Distant
Close
nintant.
Distant
Close
Distant

JULY

,

1Q7
1975

,„,,.
1976
1Q77

1977

.„„„
197B

,9'9

.-

070

1900
1QH1
19al
1O>

,

ll°~
M

mean

. ,,

OCTOBER

1975

10
1976

.1977

.„,„
1970

lq7q
ly^
lqB0
1900

,1901
M1
,_9

.

q8

.:

™Mo=r%
ean

Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
uiose
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant

Number of
Organisms

Number
of taxa

429
389
831
596
297

338
346

1.058

4?

1.711

43
48

38

27
107
109
137

7-6

7-0
4.0
4.8

Value
1.246

99

9-3
4.8
5-2

_

136

108
84___

6.7
6.7

76

234
316

8.4

29

Q.B

14

391

9-0

44
40

g.k
9-8
10.2
10.0
U.6
10.6
4.0
4.6
6A
";.li

83
62

438
116

9-8

386
762
624

9.6

527

538
163
248

334

78
559
?11
233

984
1004
1004

494
428

Diversity

18

125

8.5

250
500
538
1004
915
421
400
482

taxon

5-4
41

7.0
6.0
7-2
7.2

70

34

53
57
14
24
81
22

9*>

5-4

1*8
48

7-0
6.2
6.2
8.2
8.2

150
16-;
165
68

56

I.633
0.832

O.785
1.U8
1.022
1.484

1.651
O.869
1.097
1.1*26

l.Htl
1.121

.1.318

1.226
1.213

1.413
1.491
1.724
1.734
1 .736

1.491

1.790

1-590
1-623
1.427
1.268

0.848
0.7H

1.^76

1.071
1.071
1.688

1.661
!i§S3._

1.488

1.419

Number of

Number

Number

Diversity

756

12.3

59

1-523
1.745
1.178

840
186
159

491
689
422
505

232

313
264
170

11.5
6.8
7.0

74

-9.6
9-6
11.4
11.4
9.8
10.6

53

29

1.529
1-757
1.703

5-4

43

1.055

5.0
6.8

464

962

7-6
7.6
7^0

472

8.7
8.7

441

9-2
11.6
9.2
10.2
8.6
9.2
8.6

535
vot

/.a

1022

529

368
371
434
311
407
250

8.6
7-4
7.6

295

235

270
177

4.8
6.1

326
237
239

476
30J
312
330

5.8

_

5.2
4.4
_5.2
7.2
8.0

https://scholarworks.uark.edu/jaas/vol37/iss1/1
Arkansas Academy of Science Proceedings, Vol. XXXVII,1983
66

Number

per

5-3
4.5
9-4
9.6

32
78

26
22
71

39
43
23
33
68
72
128
no

145
55
61
48
32
39

43
34
44

30

32

32

37
41
52

43
47

1.188

1.171
1.463
1.781

1-093
1.468

1.263

1.821
1.0*1

i^Z§5-

1.469
1.4?1
1.542

1-644

1.556
1.779
1.570
1.578
1.562

1-W6
1.557
1¦^'i
1.242
1-370
1.461
1.079

112
59

1.311

4?
43

1.1*75
1.490

1;59§_
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Figure 2. Mean number of zooplankton organisms forclose vs. distant
stations inchronological sequence inDardanelle Reservoir, Arkansas,
1975-1982.

Figure 4. Mean number of zooplankton organisms per taxon for close
vs. distant stations in chronological sequence in Dar clan die Reservoir,
Arkansas,

1975-1982.

Figure 5. Diversity values of zooplankton for close vs. distant stations

3. Mean number of zooplankton taxa for close vs. distant
ions inchronological sequence inDardanelle Reservoir, Arkansas,
5-1982.

tire

ation that the warm water stimulated fluctuations or patchiness of
'.ribution.
Figure 5 shows the chronological sequence of diversity values. Six
of eight peaks at close stations occurred in April and July (three each),
whereas seven of 11 peaks (three and four, respectively) occurred in
these two months at distant stations. Smith et al. (1979) also obtained
greater diversity in the summer months. Diversity values apparently vary
more inrivers than in riverine reservoirs (Wilhmet al., 1977). Kochsiek
et al. (1971) obtained values from 2.45 to 2.61 near the dam in Keystone
Reservoir, Oklahoma, and Prather and Prophet (1969) obtained values
from 2.19 to 3.02. Dardanelle zooplankton diversity ranged from 0.71
In the upper Arkansas drainage apparently rotifers dominate river
zooplankton but microcrustaceans dominate in lakes (Hynes, 1972;
Kochsiek et al., 1971; Yacovino, 1970). In the Arkansas River within

Arkansas, rotifers are dominante in lakes as well as the river sections
(Williams, 1963). InDardanelle Reservoir, rotifers were strongly dominant. Considering individual sampling stations quarterly during the study
period, Polyarthra was dominant 105 times, Keratella 70, Brachionus
66 and Asplanchna 24 (Table 3). Polyarthra was strongly dominant in
January, Keratella was dominant in April,Brachionus and Polyarthra

in chronological sequence in Dardanelle Reservoir, Arkansas, 1975-1982.

shared dominance in July, and Keratella and Polyarthra shared in
October. Palko (1970) also gives data indicating that rotifers were strongly dominant in Dardanelle.
That most phytoplankton is directly used as food by most zooplankton
is generally agreed. Therefore, the comparative concentrations

of

Table 3. Number of times each taxon was dominant,
Dardanelle Reservoir, Arkansas, 1975-1982.

in

Taxon
Polyarthra

Number of times dominant
January
April
July

by quarter,

ini
October
22

Total
105
105

48

7

28

10

32

1

27

13
8

33

13

Asplanchna

7
5

2

9

24

Rotifer

0

9

3

3

15

rotifer genera) 6

22

15

21

64

Keratella

Brachionus
sp.

70
66

Miscellaneous

(includes other

Arkansas
Academy
Published by Arkansas Academy
of Science,
1983 of Science Proceedings, Vol. XXXVII,1983

67

69

Journal of the Arkansas Academy of Science, Vol. 37 [1983], Art. 1
Zooplankton Community Structure in Dardanelle Reservoir,

phytoplankton and zooplankton (P/Z ratio) could be used as an indicator of community quality or stability. O'Brien and deNoyelles (1974)
showed that the filtering rate of Ceriodaphnia reticulata was directly
proportional to

the concentration of phytoplankton. P/Z ratios for
Dardanelle Reservoir are given in Table 4. Close stations had larger
ratios than distant stations 19.5 times (one tie) of 32 possibilities. For
close and distant stations combined, most peaks occurred in January
and July. In general close stations showed higher P/Z ratios. A sharp
downward fluctuation occurred in October 1980 through April 1981
as a result of the drought during the summer of 1980 when fewer
nutrients were being added from the watershed. The phytoplankton
rebounded to a higher than normal density in July 1981.

Table 4. Phytoplankton/zooplankton ratios (using mean abundance)
in chronological order, Dardanelle Reservoir, Arkansas, 1975-1982.
Stations
Date

1/75
4/75

7/75
10/75

I/76

4/76
7/76
10/76

I/77
4/77
7/77
10/77
1/78
4/78
7/78

10/78
1/79
4/79
7/79
10/79
1/80
4/80
7/80
10/80
1/81

4/81
7/81
10/81
1/82
4/82
7/82
10/82

1

Mean

t

Close

Distant

21.4
5.0

15-6

6.7

17.3
4.8
6.8

12.3

15-3

6.3
9-5
5-4

6.3
15.8
3-6

6.1
3-7
9.7
9-9

11.8
6.1
7-1
7.5

11.2

7-8
10.1
18.1
5-9
4.8

10.7
29.7
7-3
3-9
18.9
14.2
11.4
9-3
2.5

16.3

1.6

0.08

13A
12.8
8.7

8.3

10.0

1^.5

0.71
0.10

25.0
7.2

1-4
23.3
8.9

10.4
3-7

8.2
3-2

O.63

5.4
5H

10. 3

5.8

§.6_
9.1

THERMAL IMPACT

Eight genera of zooplankton, including five of rotifers, were considered to be a major taxa in Dardanelle Reservoir by Sinclair and
Watson (1978) during fivepre-operational years. They ranked each taxon
with respect to its annual abundance and listed the month when its peak
abundance occurred. We calculated a mean rank for each taxon and
listed the months of peak abundances (Table 5). During the eight years
of operation, Polyarthra replaced Brachionus as the most frequently
dominant taxon, Keratella remained second, and microcrustaceans were
virtuallyeliminated as dominant taxa. There was no significant dif-

Arkansas',

1975-1982

Table 5. Mean abundance rank and timingof peak abundances of eight

major zooplankton taxa, Dardanelle Reservoir, Arkansas,
(Data from Sinclair and Watson 1978).
Taxon

Mean

Rank

Month(s) of

Peak Abundance

Brachionus

1.4

MayMayJun
Sep
MayMay
Jun Jul
Jul Sep

Keratella

2.H

MarAprMayJulSepOct

Polyarthra

4.6

Cyclops

4.6

AprAprAprJulSep

Bosmina

4.8

MarAprAprMayJun

JunJulSepSepDec

Asplanchna

7.2

MayMayMayJunOct

Filinia

8.4
8.4

MarMarAprJulAug

Daphnia

9.2

MayMayJul JulAug

ference between close and distant stations. Drenner et al. (1981) studied
a similar situation innortheast Kansas. The normal July maximum total
abundant shifted to May and Aprilafter start-up (1973 and 1974, respectively). The overallcommunity abundance increased somewhat, but the
heat-tolerant Bosmina longirostris exhibited a very strong peak in April
1974. Intheir study rotifers were unimportant as dominant zooplankton
taxa.

Miller et al. (1976) studied the discharge of a power plant on the Ohio
River and found the zooplankton community declined from 200
organisms per liter to 10 per liter in a discharge canal withaverage AT's
of 7 to 8°C. Part was due to natural seasonal mortality, and part was
due to elevated temperatures. This mortality was also taxon selective
affecting large cladocerans most. Under experimental conditions in New
York, Carlson (1974) obtained increases inmicrocrustacean diversity
with temperatures up to 5°C above ambient, but a marked reduction
was observed at 13.5 CC above ambient. The most successful species
overall was Ceriodaphnia quadrangula. In eastern Tennessee, Gehrs
(1974) determined that heated water caused deeper vertical migration
of two species of Daphnia. This action might contribute to decreased
productivity.

Anderson and Lenat (1978) noticed an increase inoverall density of
Hexarthra and Ptygura and an increase in winter density of Polyarthra
due to heated effluent inBelews Lake, North Carolina. They also noticed
greater spatial and seasonal homogeneity in heated surface water which
may have been due, in part, to the forced circulation.
A noteworthy concern has been the effects of plant shutdown once
the aquatic community has become adjusted to the thermal discharge.
Although a sudden decline in temperature narcotizes threadfin shad
(Dorosoma petenense), fluctuations in the zooplankton community were
not attributable to the same.

CONCLUSIONS
Amajor difficultyof this type of study is the scarcity of comparable
data. Most projects of this nature have occurred in the northeastern
part of the United States where microcrustacean taxa seem to be routinely dominant. In the Arkansas River drainage microcrustaceans trade

off withrotifers. From northeast Oklahoma upstream, rotifers dominate
truly riverine sections, whereas microcrustaceans dominate lakes.
However, within Arkansas (and possibly part of Oklahoma) rotifers
seem to dominate in both major habitats.
In general the annual abundance peak occurred inJuly inDardanelle
Reservoir, but it wasn't particularly strong. Variety was also greatest
in July. Community diversity was lowest in January and about constant the rest of the year. P/Z ratios were highly variable exhibiting
peaks in January and July (except the uncommonly steep slump in
January 1981).
Plant start-up and thermal discharge caused a dominance shift
between the rotifer genera Brachionus and Polyarthra (the latter
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Heated effluent also slightly suppressed
moved from third to first).
variety but had no obvious effect on diversity.
overall abundance and
slight temperature increases stimulated
shown

that
Other studies have
zooplankton, but they dealt withcommunities inwhich microcrustaceans were dominant. Similar data on rotifer-dominated communities
were unavailable. In Dardanelle Reservoir the P/Z ratios were generally
greater at close stations indicating the phytoplankton was stimulated
or zooplankton was depressed or both. The phytoplankton data indicated both phenomena occurred.
ACKNOWLEDGMENTS
The authors wish to thank the late Clarence B. Sinclair
and William R. Bowen for performing the analyses of
the samples and the numerous staff and students who
assisted field collections from time to time. Financial
support was provided by Arkansas Power and Light
Company.

I3ERSON,

T. P., and D.R. LENAT. 1978. Effects ofpower-plant
operation on the zooplankton community ofBelews Lake, North
Carolina. In Energy and Environmental Stress in Aquatic Systems,
ed. by J. H. Thorp and J. W. Gibbons, DOE Conf. No. 771 114,

pp. 618-641.

I/LES,
I;LSON,

L. G., and J. WILHM. 1977. Effects of patchiness on
estimates of concentration and species diversity of pelagic net
plankton. Southw. Nat., 21(4): 463-468.
D. M.1974. Responses of planktonic cladocerans to heated
waters. In Thermal Ecology, I, ed. by J. W. Gibbons and R. R.
Sharitz, AEC Symposium Series, pp. 186-206.

INNER, R. W., G. L. VINEYARD, W. J. O'BRIEN, J. R.
TRIPLETT,and J. WAGNER. 1981. The zooplankton community
of LaCygne Lake: a cooling pond in Kansas. Southw. Nat.,

I

26(3):243-249.

as related
35:61-110.

¦1ONDSON,
Sons, New

W. T. 1965. Reproductive rate of planktonic rotifers
food and temperature in nature. Ecol. Monogr.,

to

W. T. 1969. Freshwater Biology.
York, 1248 pp.

John

Wiley &

IRS, C. W. 1974. Vertical movement of zooplankton inresponse
to heated water. In Thermal Ecology, I,ed. by J. W. Gibbons and
R. R. Sharitz, AEC Symposium Series, pp. 285-290.

I

of
¦•IES,Press,H.B. N.1972.555Ecology
pp.
Toronto,

running waters.

KUDO, R. R. 1966. Protozoology.
Springfield, IL, 1174 pp.

Charles C. Thomas, Publ.,

MILLER,M. C, G. R. HATER, T. W. FEDERLE, and J. P. REED.
1976. Effects of power-plant operation on the biota of a thermal
discharge channel. In Thermal Ecology, II,ed. by G. W. Esch and
R. W. McFarlane, ERDA Symposium Series 40, pp. 251-258.
O'BRIEN, J. W., and F. DENOYELLES, JR. 1974. Filtering rate of
Ceriodaphnia reticulata in pond waters of varying phytoplankton
concentration. Amer. Midi. Nat., 91(2):509-512.
PALKO, T. N. 1970. Apreliminary study of zooplankton over a six
month period on Lake Dardanelle. Proc. Ark. Acad. Sci., XXIV:
55-61.
PRATHER, J. E., and C. W. PROPHET. 1969. Zooplankton species
diversity in John Redmond, Marion and Council Grove Reservoirs,
Kansas, Summer 1968. Emporia St. Res. Stud., 18(1): 1-16.

LITERATURE CITED

R1ONDSON,

KOCHSIEK, K. A., J. L. WILHM,and R. MORRISON. 1971. Species
diversity of net zooplankton and physico-chemical conditions in
Keystone Reservoir, Oklahoma. Ecology, 53:1119-1125.

Univ. ofToronto

SCHMITZ, E. H. 1974. Limnetic zooplankton dynamics in Beaver
Reservoir includingan inventory of copepod species and an evaluation of vertical sampling methods. Ark. Water Res. Res. Center,
Publ. No. 20.
SCHMITZ, E. H. 1975. Zooplankton limnologyof Beaver and DeGray
Reservoirs inArkansas. Ark. Water Res. Res. Center. Publ. No. 40.
SCHMITZ, E. H. 1978. Zooplankton limnology of Beaver and DeGray
Reservoirs in Arkansas. Ark. Water Res. Res. Center, Publ. No. 55.
SINCLAIR, C. B., and R. L. WATSON. 1978. Aprimary ecological
survey of Dardanelle Reservoir prior to nuclear facility effluent
discharge. Ark. Water Res. Res. Center, Publ. No. 60, 45 pp.
SMITH,G. A.,L. C. FITZPATRICK,and W. D.PEARSON. 1979.
Structure and dynamics of a zooplankton community ina small
northcentral Texas pond ecosystem. Southw. Nat., 24(1): 1-16.
WILHM,J., T. DORRIS, J. R. SEYFER, and N. MCCLINTOCK.
1977. Seasonal variation in plankton populations in the Arkansas
River near the confluence of Red Rock Creek. Southw. Nat.,
22(4):141 1-420.
WILLIAMS,L.G. 1963. Plankton population dynamics. Nat. Water
Qual. Network, Publ. Health Serv., U.S. Dept. HEW, Cincinnati,
90 pp.
YACOVINO, J. T. 1970. Distribution and abundance of the
zooplankton ofCanton Reservoir, Oklahoma. Proc. Okla. Acad.
Sci., 50:87-90.

Published by Arkansas Academy
of Science,
1983of Science Proceedings, Vol. XXXVII,1983
Arkansas
Academy

69

71

Journal of the Arkansas Academy of Science, Vol. 37 [1983], Art. 1

PHYTOPLANKTON COMMUNITY STRUCTURE IN
DARDANELLE RESERVOIR, ARKANSAS, 1975-1982
JOHN D. RICKETT and ROBERT L.WATSON
Biology Department
University of Arkansas at Little Rock
Little Rock, Arkansas 72204

ABSTRACT
Phytoplankton data were collected with standard equipment and procedures over an eight-year period
(1 975-1 982) inDardanelle Reservoir, Arkansas. Community abundance and diversity at the genus level
are described. Sixty-five genera representing 35 families and five divisions were identified. Total
phytoplankton abundance and diversity were quite uniform among the stations but fluctuated considerably
withtime. These fluctuations didnot correspond clearly with season. Dominant taxa were seasonal, though,
with diatoms being usually dominant in January, Apriland October, and blue-greens dominant in July.
The phytoplankton community structure has not been significantly altered bythe operation of ANO UnitI.

INTRODUCTION

Information about phytoplankton community structure in Arkansas
reservoirs is quite scarce. Some of the earlier papers (Meyer, 1969; Meyer
et a!., 1970) dealt only with checklists, whereas others studied algae

in relation to certain water quality parameters (Meyer, 1971; Rice and
Meyer, 1977). Still other studies emphasized phytoplankton populations
related to certain anthropogenic inputs, e.g., thermal discharge. Sinclair
and Watson (1978) conducted such a survey in Dardanelle Reservoir
for fiveyears immediately prior to the operation of Arkansas Power
and LightCompany's Arkansas' Nuclear One (ANO)Unit I.Numerous
papers have appeared concerning thermal disturbance in specific locations inother states (Gibbons and Sharitz, 1974; Esch and McFarlane,
1976). There is a definite lack in Arkansas of work describing
phytoplankton community structure and dynamics and the impacts of
thermal effluents. This report is a superficial analysis ofdata gathered
inDardanelle Reservoir over an eight-year post-operational period of
ANO Unit I. The main points to be addressed in this paper are (1)
seasonally or periodicity of community diversity and which taxa were
dominant and when, (2) changes in abundance and diversity related to
season and location with respect to thermal discharge, and (3) evidence
of long-term trends or shifts in community structure.
METHODS AND MATERIALS
Phytoplankton samples were collected in January, April,July and
October of the years 1975-1982 and strained through a standard No.
20 Wisconsin-style plankton net. The water column at each station and
date was sampled by taking 2 1 of water each from near the bottom,
mid-depth and 0.6 m, and 4 1 from the surface, constituting a 10 1
sample. With rare exceptions, 10 stations were sampled quarterly (Figure
1) and the samples preserved in Meyer's Fixative (0.76% I
2, 0.38% KI,
3.8% glacial acetic acid, 19% concentrated formalin and 76% dH 20,
by weight).

.

In the lab the samples were diluted to 10 ml (ifneeded), and a 1 ml
aliquot was removed and placed in a Sedgwick-Rafter counting cell.
was determined by counting randomly spaced
Quantitative evaluation
strips across the counting cell to cover 38.9 percent of the area. Then
a total quantitative cross-check was made by counting 10 randomly
chosen fields. Colonial forms were counted as single cells, and organisms
were identified to genus where possible and reported as number per liter.
Statistical procedures included calculation of the number of taxa,
number of individuals, mean number ofindividuals per taxon and communitydiversity at the generic level. Diversity was calculated using the

Shannon Index, d

= -E

(-S-)ln(-R-), where

n, is the number of

organisms ineach taxon in turn, and Nis the total number of organisms
per liter. Values are positive; the larger ones indicating greater community diversity.

Figure 1.
Arkansas,

Plankton sampling stations on Dardanelle Reservoir,
1975-1982.
RESULTS AND DISCUSSION

Sixty-five genera representing 35 families in five divisions were
identified (Table 1). Forty-six percent ofthe genera were inChlorophyta,

31 were in Chrysophyta, 17 were in Cyanophyta, and Euglenophyta
and Pyrrhophyta were represented by three percent each of the genera.
Meyer (1969) reported 82 genera as occurring in Arkansas; 29 of which
were present in this study. Meyer et ai, (1970) reported an additional
34 Arkansas genera, eight of which are reported in this study. Nelson
and Harp (1972) reported four additional genera which were obtained
in our study. This study presents 24 genera not reported by any of the

three foregoing papers.
Table 2is a summary by season (quarter) of individuals, number of
taxa, individuals per taxon and diversity values listing stations close
to and distant from the point of thermal discharge. Close stations (Nos.
1,2,3,5,10) were those generally influenced by thermal loading, whereas
distant stations (Nos. 11,14,15,16,21) were those not apparently
influencd (Rickett, 1981). Acursory examination of Table 2 reveals considerable fluctuation from quarter to quarter and from year to year.
On the average, July samples contained the largest populations,
numerically, the greatest number of taxa and the largest number per
taxon, but the greatest community diversity indices were observed in
October. Phytoplankton was very dense inJuly 1978, exhibited a serious
decline in January 1981 and a rapid recovery between April and July
1981. The decline was probably a delayed response to the very hot and
dry summer of 1980. Total phytoplankton peaked six times in July,
four times inJanuary and once in April.The peaks were spread by six
to 12 months, so there was not a precise coincidence with season.
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Taxonomy of phytoplankton

Table 1.

in Dardanelle

Reservoir,

1975-82.

Arkansas,

n Chlorophyta
nivisi°
Family Chlamydomonadaceae
Family

Family
Family
Family

1. Chlamvdomonas
Volvocaceae
2. Eudorina
3. Gonium
4. Pandorina
*5• Platydorina
6. Volvox
Gloeocystaceae
•7- Gloeococcus
Chlorococcaceae
•8. Schroederia
Palmellaoeae

9. Sphaerocystis

Family Oocystaceae
10. Ankistrodesmus
11. Chlorella
?12. Chodatella
13- Kirchneriella
Family Micractiniaceae
14 Micractinium
Family Dictyosphaeriaceae
15- Dictyosphaerium
•16. Dimorphococcus
Family Scenedesmaceae
17- Actinastrum
18 Coelastrum
19. Crucigenia
20. Scenedesmus
Family Hydrodiotyaoeae
21. Pediastrum
Family Ulotrichaceae
*22. Ulothrix
Family Microsporaceae
23. Microspora
Family Chaetophoraceae
•2^. Stigeoclonium
Family Oedogoniaceae
25 • Oedoeonium
Family Cladophoraceae
*26. Cladophora
Family Zygnemataceae

.
.

27.

Spriogyra

Family Oscillatoriaceae

*55•56.
57.

Arthrospira
Lyngbva

Oscillatoria

Family Nostocaoeae

.

•59•60

Anabaena
Anabaenopsis

Family Scytonemataceae

Family Desmidiaceae
28. Closterium
29. Cosmarium
30- Staurastrum
Division Chrysophyta
Family Tribonemataceae
31 Tribonema
Family Chrysococcaceae
32. Chrysococcus
Family Dinobryaceae
33. Dinobryon
Family Synuraceae

.

34.

Synura

Family Coscinodisoaceae
35. Cvclotella
36. Melosira

*J? •

Stephanodiscus

Family Fragillariaceae
38. Asterionella
39. Fragillaria
•40 Meridion

..
.

41

Synedra

42. Tabellaria
Family Naviculaceae
*43. Gyrosiema
»44. Navicula
Neidium
»45
*46. Stauroneis
Family Gomphonemaceae

*4?.

Gomphonema

Family Cymbellaceae

»48. Cymbella
Family Nitzschiaoeae
*49. Nitzachia

Family Surirellaceae
50. Surirella
Division Cyanophyta
Family Chroooocoaoeae
51. Chroococcus

*52»
53.
*54.

Gleocapsis

Merismopedium
Microcystis

Division Euglenophyta
Family Euglenaceae
62. Euglena
63. Phacus
Division Pyrrhophyta
Family Peridiniaceae
64 Peridinium
Family Ceratiaoeae

.

Table 2. Summary

by season (quarter) of phytoplankton community
structure, Dardanelle Reservoir, Arkansas, 1975-82.
JANUARY

,Year,
Q7

,„,.'°
v

*''

lq77

'°

lq7B
y

**"

1Q70
1980
y

.„„.
y

____

1982

Mean
m
an

°
,,«
"°

APRIL
,
107
y
L)

"
'°

lq77
y

lq7fi
y

*'*
*
*O1
lq81
q
lq7

lg80
ou

lqB?

til:

Mean

JULY
Year

,

yo
197

1976

"
'°
1978
1977
y

I*Not

reported by Meyer (I969), Meyer et al. (1970), or Nelson
and Harp (1972J-

Distant stations showed the same peaking sequence as close stations.
Close stations had more total organisms 18 of 32 times with an average
difference of 534 cells; however when distant stations had more cells,
the average difference was 589. With respect to total phytoplankton,
there was apparently little impact from thermal discharge.
close stations six peaks in the average number of taxa occurred
July and two in April, whereas at distant stations seven peaks
urred in July and two in April, whereas at distant stations even peaks
urred in July, two in January and one in October. It seemed the
ted water had some stabilizing influence on the number of taxa comiing the community. Distant stations exhibited a larger number of
116.5 times of32 (three ties), the average difference being 1.08 taxa.
ien close stations were greater, the difference was 1.28 taxa.
Atclose stations fivepeaks in the average number of organisms per
taxon occurred inJuly, four in January and two in April, whereas at
distant stations there was one less peak inJanuary. Close stations had
more individuals per taxon 16.5 times of 32 (one tie), the average
difference being 39.1. When distant stations showed the greater number,
the differencw was 22.8.
At close stations peak diversity occurred six times in October, five
times in Apriland once inJuly, while at distant stations diversity peaked
five times inOctober, twice each in Apriland July, and once inJanuary.

I^t

ly

1979
1980
1Q80
1981
ly01
1982
....
Mean

Stations
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant

Stations
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
Close
Distant
close
Distant
Close
Distant
Close
Distant

OCTOBER
,
Close
1973
Distant
Close
1976
Distant
Close
1977
y
Distant
Close
y
1978
Distant
Close
o
197
1979
Distant
Close
lyou
1980
n,
Distant
Close
1981
oi
Distant
Close
1982
Distant
_.

"
"
"
'°
*

Mean

.Close
Distant

Number of
Organisms

1309
1214

5271
5942
5061
7064
3338
2651
1336

Number
of taxa
12.7
11.5
16.4

3177
3238
5012
5467

16.6

4635
4452
82
92

4385
2?§?

2464
2418

2851
3803
5617
5<U9
3087
3313
842

778
352
322

3689
3247
298 9

3096

Number of
Organisms

37^6
4025
1759

2507

1*783
4920
12524

9129
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Phytoplankton Community Structure in Dardanelle Reservoir, Arkansas, 1975-1982

major community growth occurred in July witha minor growth
in January. Olsen and Sommerfield (1976) obtained similar
periods of abundance and depression in Canyon Lake, Arizona. They
also noted that the early spring peak was composed primarily of centric diatoms, whereas the mid- to late-summer peak was dominated by
filamentous Cyanophyceae.
Between July and October there was a decline in both numbers of
organisms and taxa, but the former apparently experienced a disproportionate decline which caused higher diversity values. This also happened
somewhat between January and April.Both normal seasonal decline
and zooplankton cropping may have been the cause.
Table 3 shows dominance timing and frequency ofnine major genera
during the study period considering each station each quarter. Cyclolella
was the dominant (represented by the greatest number of cells) 86 times,
far more than any other taxon, and its favored time was October (47.7%
of total for Cyclotella). Melosira and Oscillatoria were dominant with
about the same frequency (54 and 53 times, respectively) but favored
different times January for Melosira (38.9%) and July for Oscillatoria
(77.4%). Tribonema was dominant 34 times (58.8% of the time in
January), while Asterionella and Navicula were dominant 13 times each.
Asterionella favored April(100%), whereas Navicula favored October
(84.6%).

The

period

—

Table 3. Dominance timing and frequency of major phytoplankton taxa
in Dardanelle Reservoir, Arkansas, 1975-1982.
Dominant

Number of times dominant

1

increase inphotosynthesis. Patrick (1974) summarized by pointing out
that small AT's stimulate while large AT's inhibit and cause changes
in the species composition of the community to favor blue-green algae
Thermal shock usually had detrimental effects. Most of these studies
have been conducted in eastern or northeastern United States, so these
conclusions may not necessarily apply here. More geographic variation
has been observed than was expected.
SUMMARY
Itis always difficult to separate variables, especially when so many
are present. Inaddition to daily temperature variations, wind velocity
and direction, solar radiation and physico-chemical characteristics
further confuse the understanding. Add to this the fact that Dardanelle
Reservoir has two distinct areas, and water from one (Illinois Bayou)
is pumped through the plant into the other (Arkansas River mainstream),
thus mixing parameters. Include the somewhat sporadic operation of
ANOUnit I, and the challenge of understanding becomes steeper.
These data suggest that phytoplankton diversity and abundance were
fairlyuniform at the various sampling stations, there was considerable
fluctuation inabundance and numbers of taxa which did not conform
closely to the seasons, dominant taxa were quite seasonal in their occurrence, the diatoms being usually dominant in January, Apriland
October while the blue-green algae were dominant inJuly. Blue-green
algae is apparently better adapted to warmer water since they may take
over as dominants inarea of thermal effluent. Power plant operation
has not noticeably affected overall phytoplankton abundance and the
number of taxa, but community diversity was slightly greater at the
close stations but not statistically significant. Water temperature changes
through the plant may be considered near the lower end of the expected
range compared to similar results elsewhere.
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taxon

Cyclotella

(Chrysophyta )

Melosira

(Chrysophyta )

Oscillatoria

JUL

OCT

( Cyanophyta )

Tribonema

(Chrysophyta )

Asterionella

(Chrysophyta)

Navicula

(Chrysophyta )

Ankistrode

smus

(Chlorophyta)
( Cyanophyta )

(Chlorophyta)
Total

1

per quarter

Unit Iduring periods of operation, the average AT's were 8.20, 744
and 5.99°C for 1980, 1981 and 1982, respectively. Gurtz and Weiss
(1974) studied experimental AT's of 5.6, 11.1 and 16.7 °C
and
observed continually increasing inhibition of phytoplankton producaverage
Tilly
(1974)
obtained
an
20%
increase in autotrophic
tivity.
respiration in AT's ranging up to 3.3 °C while there was no significant
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In January Melosira, Tribonema and Cyclotella were dominant 36.8,
35.1 and 19.3 % of the time, respectively. In AprilCyclotella, Melosira,
Asterionella and Tribonema were dominant 33.8, 18.3, 18.3 and 16.9 %,
respectively. In July Oscillatoria, Melosira and Cyclotella were dominant 56.2, 21 .9 and 13.7 %, respectively, whereas in October Cyclotella,
Navicula and Anabaena were dominant 53.2, 14.3 and 11.7%, respectively. In January, April and October, Chrysophyta were strongly
dominant, whereas Cyanophyta dominated in July. Evidence of the
dominance shift back to Chrysophyta was seen inOctober. Data collected by Sinclair and Watson (1978) during pre-operational years
(1970-74) showed the same dominance trends for the diatoms
(Chrysophyta) versus the blue-greens (Cyanophyta). Chlorophyta was
represented less strongly in spite of having the greatest number of genera.
Aconsiderable number of researchers have attempted to assess and

quantify the impacts of thermal discharges, mostly from generating
stations into natural waters. Miller et al. (1976) worked with actual AT's
between 8.5 and 15°C and concluded that smaller AT's that did not
push the ambient temperature above 25 CC were stimulatory, but 34 CC
was definitely inhibitory. One of their major problems was separating
the effects of thermal discharge and normal ambient variation. At ANO
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FISHES OF THE ANTOINE RIVER, LITTLEMISSOURI
RIVER SYSTEM, SOUTHWESTERN ARKANSAS
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and DARRYLKOYM
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Magnolia, Arkansas 71753
ABSTRACT

-

The fishes of the Antoine River (LittleMissouri River system) in southwestern Arkansas were surveyed
from September, 1980 June, 1982. Thirty-four field collections plus literature and museum records,
revealed a total of 60 species in 29 genera representing 16 families to presently inhabit the river system.
Comments are presented on life history aspects, systematics and occurrence of fishes inthe study area.
INTRODUCTION

The Antoine River is a major tributary of the Little Missouri River
system (Ouachita River drainage) in southwestern Arkansas. Surprisingly, few collections of fishes have been made from this beautiful

upland stream previously. Although Myers (1977) surveyed the fishes

only four collections from
the Antoine River. Earlier, Buchanan (1973) reported only one pre-1960
only
two
post- 1960 collections from the river, one of
collection and
which was made by the senior author. Prior to this survey, a total of
29 species was known from the Antoine River based primarily on work
by Northeast Louisiana University graduate students and one collection by Dr. George A. Moore, Oklahoma State University.
This paper seeks to document as accurately as possible the ichthyofauna of the Antoine River using literature records, museum records

ofthe LittleMissouri River system, he made

and

personal

collections.

collections were made with 3.1X1.8 m and 6.1X1.8 m seines with 3.175
mm meshes, except one gillnet sample. Specimens were fixed in10%
formalin, before being preserved in 40% isopropyl alcohol for
permanent storage in the Southern Arkansas Vertebrate Collection.
Museum records from Northeast Louisiana University were verified
when possible.
Scientific and common names of fishes follow those of Robins et
al.

(1980)

unless otherwise noted.

Stations were established throughout the stream system. The following
is a brief description of each station.
Antoine River Stations

.

Pike-Clark County Line
1 Antoine River at Antoine at St. Hwy.26.

(Sec. 23, 24, T8S, R23W)

Pike County
2. Wolf Creek at St. Hwy.29, 1 mi. SW ofAntoine (Sec. 27, T8S,

DESCRIPTION OF THE AREA

R23W).

The Antoine River is a clear, spring-fed tributary ofthe LittleMissouri
River approximately 40 miles long and drains an area of 399 square
kilometers. Major tributaries include Wolf, Suck, Buffalo, Caney,
Woodall, Matthews, Little Antoine, and Bigsby Creeks. The river arises

3. Wolf Creek at Co. Rd. bridge, 9 mi. S of Antoine (Sec. 25, 26,
T8S, R23W).
4. Buffalo Creek at St. Hwy. 19 (Sec. 9, T9S, R23W).
5. Wolf Creek at St. Hwy. 26 at Delight (Sec. 19, T8S, R23W).

inthe Athens Plateau physiographic region in northeastern Pike County

just south of Salem, Arkansas and flows southeasterly through a
sparsely populated, heavily forested area of east-west trending valleys
and ridges populated by loblolly-shortleaf pine, oak-hickory, and gum
trees to form the border of Pike and Clark counties before joiningthe
LittleMissouri River south of Antoine, Arkansas withinthe GulfCoastal
Plain physiographic region.
The Antoine River has a typical dendritic drainage pattern arising
in Mississippian (Stanley Shale) and Pennsylvanian rocks (Jackfork
Sandstone, Johns ValleyShale, lower Atoka Formation) and flows south
over Cretaceous rocks before finallyreaching Quaternary Alluvium near

;
n

its confluence with the Little Missouri River. Elevations in the headwaters reach 213 m while near the confluence the elevation is 76 m.
Mean annual rainfall is 11.76 cm and 12.38 cm in Pike and Clark counties, respectively. Air temperature ranges from 11.2° to 46.5 °C
(Hickmon, 1941).

Antoine River has been classified as a warm-water fishery and Class
Astream (AR. Dept. Poll. Cont. and Be., 1976). Average discharge
of the Antoine River is 7.53 m'/s (25 year average). Selected
physicochemical data range as follows: pH 6.6 7.2; water temperature
5° 26 °C; dissolved oxygen 8.1 12.3 mg/1; hardness 15 49 mg/1;
alkalinity 13-24 mg/1.

-

-

-

-

Pike-Clark Co. Line
6. Antoine River at end of TAR (Sec. 14, T8S, R23W).
7. Antoine River (Sec. 11, T8S, R23W).
8. Antoine River at Graysonia (Sec. 21, T7S, R23W).
9. Antoine River (Sec. 22, T7S, R23W).
Clark Co.
10. Unnamed tributary to Antoine River (Sec. 6, T8S, R22W).
Pike-Clark Co. Line
11. Antoine River (Sec. 25, T7S, R23W).
12. Antoine River (Sec. 21, T6S, R23W).
Clark Co.
13. Little Antoine River (Sec. 21, T6S, R23W).
Pike Co.
14. Bigsby Creek

at

St. Hwy. 84 (Sec. 36, T5S, R24W).
Hwy. 84 (Sec. 31, T5S

15. Unnamed trib. to Bigsby Creek at St.
R23W).

16. Antoine River at St. Hwy. 84 (Sec. 4, 5, T6S, R24W).
17. Unnamed trib. to Antoine River at St. Hwy. 84 (Sec. 4, T6S
R24W).

METHODS AND MATERIAL

Fishes were collected from

September,

1980 to June, 1982. All

18. Antoine River (Sec. 29, T5S, R24W).
19. Antoine River (Sec. 30, T5S, R24W).
20. Woodall Creek (Sec. 21, T6S, R24W).
21. Matthews Creek (Sec. 19, T6S, R22W)

Blevins High School, Blevins, AR.
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ANNOTATEDLIST OF SPECIES

discussion of species is supplemented by verified
records and literature records. Species are presented in
phylogenetic order following Robins et al. (1980).
The

following

museum

Petromyzontidae (Lampreys)
lchthyotnyzon castaneus Girard. Chestnut lamprey. Three specimens
(one male, two females) were collected spawning in a swift riffle,12-16
inches deep, over a gravel bottom at Station 1 on 19 May 1982. Females
were fullof eggs. Water temperature was 19°C.

Amiidae (Bowfins)
Rare; only one small specimen found
Linnaeus.
calva
Bowfin.
Amia
in the lower, sluggish reaches of the main Antoine River.
Lepisosteidae (Gars)
Lepisosteus oculatus (Winchell). Spotted gar. L. oculatus was uncommon in the system, found onlyoccasionally inthe larger pool sections

of the lower reaches.
Lepisosteus osseus (Linnaeus). Longnose gar. More common inhabitant of the lower, more sluggish stream sections.

Esocidae

(Pikes)

vermiculatus Lesueur. Grass Pickerel. The grass
pickerel occurred throughout the system in appropriate backwater,
vegetated pool habitats. Probably the major predator species in the

Esox americanus
system.

Clupeidae (Herrings)

Dorosoma cepedianum (Lesueur). Gizzard shad. Only two specimens
of this schooling species were collected ina gillnet sample at Station
1 As the gizzard shad prefers more lacustrine type habitats generally
unavailable in the Antoine River,it is typically uncommon inthe system.

.

Catostomidae

(Suckers)

Erimyzon oblongus (Mitchell). Creek chubsucker. Most common
sucker inthe higher gradient upper stream sections generally avoiding
the sluggish lower regions.

nigricans (Lesueur). Northern hog sucker. Typically a
water clear stream resident occurring rather infrequently in the

Emtelium

Minytrema melanops (Rafinesque). Spotted sucker. M. melanops was
uncommon in the system as only three specimens were collected.
erythrurum (Rafinesque). Golden redhorse. Common

tostoma

stream resident preferring clean substrates.

Cyprinidae (Minnows and Carps)
anomalum pullumAgassiz. Central stoneroller. Abunt headwater stream resident occupying swift riffles.
crysoleucas (Mitchell). Golden shiner. Rare within the
em. Only four specimens were collected, and these may be bait
Dductions.

tnpostoma

Eemigonus

Eopis

atherinoides Rafinesque. Emerald shiner. The emerald shiner
common in the Antoine River being largely confined to the lower
m sections where this population has free access to the larger main
nel of the Little Missouri River.
boops Gilbert. Bigeye shiner. Abundant schooling cyprinid
the system. N. boops was collected at 16 of 21 stations from pool
[ions having some flow and gravel bottoms.
cornutus isolepis Hubbs and Brown. Southern common shiner,
followMiller (1968) inconsidering N. cornutus isolepis a subspecies

1>tropis

t'opis

of N. cornutus rather than of N. chrysocephalus. Although widely
distributed in the system, the southern common shiner was never taken
inlarge numbers. Confined to upper areas over gravel substrates above
and below riffles and in shallow pools with moderate current.
Notropis emilae (Hay). Pugnose minnow. Rare. Two specimens of the
pugnose minnow were collected in the lower stream regions in a
backwater, vegetated pool area over organic detritus-sand mixture away
from the main current.
Notropis

fumeus Everman.

Ribbon shiner. Rare. Taken occasionally

syntopically with N. umbratilis, the ribbon shiner was collected in
sluggish pools over mud and sand substrates in the lower reaches.
Notropis perpaliidus Hubbs and Black. Peppered shiner. Previous to
this study only eight specimens, six of which were collected byMyers

River. Subsequent seining of
Station 1 at Antoine yielded 21 individuals. Specimens were taken in
about three to four feet deep pool regions over sand and sand-gravel
substrates with Justicia americana beds at the margins. Documentation of the continued existence ofN. perpaliidus is noteworthy as this
species is considered rare in Arkansas (Robison, 1974).
Notropis umbratilis cyanocephalus (Girard). Redfin shiner. The
redfin shiner was the most abundant and widespread species in the
Antoine River system having been taken at 19 of 21 stations sampled.
The extremely variable habitat requirements of this species facilitates
its use ofthe entire stream length of the Antoine River and tributaries.
Notropis venustus (Girard). Blacktail shiner. Rare in the system.
Collected only three times, all in the lower, larger stream portions in
the pools.
(1977), had been taken from the Antoine

Notropis whipplci(Girard). Steelcolor shiner. Uncommon. Taken in
four downstream localities in pools and regions directly downstream
ofriffles areas over gravel sand bottoms.
Pimephales notatus (Rafinesque). Bluntnose minnow.
sparingly in gravel-bottomed pools of the upper and

sections.

Collected only
middle stream

Pimephales tenellus (Girard). Slim minnow. Rare in the system. Myers
(1977) collected just three specimens

of this minnow from the main
Antoine River; however, we were unable to collect it.
Semotilus atromaculatus (Mitchill).Creek chub. The creek chub was
only collected from the uppermost small, headwater tributaries over
sand, gravel and rock bottoms and then in small numbers.
Ictaluridae (Freshwater catfishes)

Ictalurus melas (Rafinesque). Black bullhead. Common ictalurid in the
lower more sluggish

stream

sections over mud and sand bottoms.

Ictalurus natalis (Lesueur). Yellowbullhead. The yellow bullhead was
common inthe system preferring areas oflittle or no current and vegetation (Justicia americana) in the upper stream reaches and avoiding the

lower stream sections.
Ictalurus punctatus (Rafinesque). Channel catfish. Common in the main
river.

Noturus miurus Jordan. Brindled madtom. This secretive species was
collected inthe lower stream sections and was inassociation withbrush
pile debris in pools with noticeable current ranging in depths of six
inches to two feet over shifting sand substrates. Females taken in midJune were full of eggs.
Noturus gyrinus (Mitchill). Tadpole madtom. Rare. Myers (1977)
reported two specimens and we collected another four individuals from
Wolf and Buffalo Creeks. N. gyrinus typically was taken in sluggish,
backwater areas with submerged aquatic vegetation or over accumulated
detritus.
Noturus nocturnus Jordan and Gilbert. Freckled madtom. The
freckled madtom was a common ictalurid taken during the survey from
riffles withgravel bottoms, accumulations of twigs, leaves and sticks,
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and occasionally vegetated stream margins.
Pylodictis olivaris (Raflnesque). Flathead catfish. This solitary species
is occasionally taken on hook and line by anglers (R. Reed, pers.
comm.).
Anguillidae (Freshwater Eels)
Anguillarostrata (Lesueur). American eel. The eel is still taken occasionally on hook and line by fishermen knowledgeable with the river
(R. Reed, pers. comm.).
Cyprinodontidae (Killifishes)

(Raflnesque). Blackstripe topminnow. The same
ecological separation noted by Braasch and Smith (1965) was
documented in this study as F. notatus was collected only from pools
in the extreme lower portions of the Antoine River while F. olivaceus
was more abundant in the upper and middle three-fourths of the system.
The two species were never collected syn topically.
Fundulus olivaceus (Storer). Blackspotted topminnow. The blackspotted
topminnow was more common than F. notatus and was found
throughout the upper and middle regions at stream margins and in pools

Fundulus

away

notatus

from the main current.

Poeciliidae (Mosquitoflsh)
I

Gambusia a/finis (Baird and Girard). Mosquitofish. Uncommon.
Confined primarily to the lower tributaries, frequenting vegetated

in the

Pomoxis annularis Raflnesque. White crappie. No crappie were
collected during this survey, although this species was reported by

Buchanan

(1973).

Percidae (True Perches)

Etheostoma blennioides newmanii (Agassiz). Greenside darter. Miller
(1968) did not examine specimens from the Antoine River; however,
specimens from the upper Ouachita and Saline river systems were
designated E. b. newmanii as were all Arkansas populations. Preferred fast stream sections in algae covered gravel riffles and over
bedrock runs in the upper sections.
Etheostoma chlorosomum (Hay). Bluntnose darter. Rather uncommon
darter owing to its preference for sand, clay, mud or detritus substrates
in shallow pool areas. This habitat is not commonly found in the
Antoine River system.
Etheostoma collettei Birdsong and Knapp. Creole darter. Common
darter in swift gravel riffles. Avoids the sluggish lower stream sections.
Etheostoma histrio Jordan and Gilbert. Harlequin darter. Although
relatively rare in our samples, E. histrio conformed to observations of
Hubbs and Pigg (1972) by preferring detritus sand substrates to gravel
areas. This limited the distribution of this species to only the lower

station.

Labidesthes sicculus

Etheostoma nigrum Raflnesque. Johnny darter. Rare. One specimen
was collected previously by Dr. G. A. Moore (pers. comm.). Not
collected in our survey.

Atherinidae

(Silversides)

Aphredoderidae (Pirate Perches)

Aphredoderus sayanus (Gilliams). Pirate perch. Rare. Usually associated
with vegetated stream edges (Justicia) and accumulations of twigs and
leaves over bottoms consisting ofmud and decaying organic matter in
the lower reaches of the main river and Wolf Creek.

Centrarchidae

(Sunflshes)

Chaenobryttus gulosus Cuvier. Warmouth. We follow Miller and

the lower sections.

Lepomis cyanellus Raflnesque. Green sunflsh. The green sunfish is quite
widespread and abundant inthe Antoine River system due to its more
plastic habitat requirements. Found at 12 of the 21 stations.
Lepomis macrochirus Raflnesque. Bluegill.Widespread and abundant
in the system, especially near the confluence with the LittleMissouri

River where abundant cover was available.

Lepomis megalotis Raflnesque. Longear sunflsh. Most common
centrarchid in the system. Taken at 17 of the 21 stations in a variety

of stream habitats.
Redear sunfish. Rare.

sections.
stigmaeum stigmaeum (Jordan). Speckled darter. All
populations of the speckled darter belong to the nominate
form, E. s. stigmaeum (Howell, 1968). This fish was never abundant
at any locality and preferred downstream areas below moderately swift
riffles in about one foot of water over a gravel-sand mixed bottom.

Arkansas

Robison (1973) in retaining the name C. gulosus for the warmouth.
The warmouth exhibited a decided preference for pools with mud
bottoms covered with organic debris withrooted aquatic vegetation in

Lepomis microlophus (Gunther).

Etheostoma radiosum (Hubbs and Black). Orangebelly darter. Hubbs
and Black (1941) reviewed the darters of the whippleicomplex, this fish
being considered a subspecies of whippleiat the time and reported
specimens from the Little Missouri River system as Poecilichthys
whipplii radiosum (-E. radiosum) . A thorough study of this species
is in need in Arkansas. Taken inshallow gravel riffles inlower stream
Etheostoma

Ambloplitesrupestris (Raflnesque). Rock bass. A single small specimen
was taken from Station 13 from a vegetated stream margin. Local
fishermen attest to its more common presence in the system.

i

Micropterus salmoides (Lacepede). Largemouth bass. Found
lower, more sluggish pool regions of the system.

backwaters.

(Cope). Brook silverside. A common and abundant pool species occurring throughout the Antoine River system.

i

bass. Spawning males guarding nests were seen 19 May 1982 in Wolf
Creek.

Only two

specimens were collected during our survey from the lower stream
sections.

Micropterus dolomieui Lacepede. Smallmouth bass. Primarily taken
in the upper, clear stream sections in pools.
Micropterus punctulatus (Raflnesque). Spotted bass. Most common
bass, found to prefer swifter stream sections than did the largemouth

Etheostoma

whipplei(Girard). Redfln darter. Small numbers of this

percid were taken insmall to large-sized tributaries over sand and gravel

bottoms and

occasionally in brush piles.

zonale (Cope). Banded darter. The banded darter was
another of the rather uncommon percids confined to the lower, larger
stream segments. Tsai and Raney (1974) reported banded darters in the
Upper Ouachita River to average 50.3 lateral line scales. Breast
squamation was roughly V* partially scaled. Antoine River specimens
were similar. Tsai and Raney (1974) designated the Ouachita River
populations to conform to the Arkansas race ofE. z. zonale. Antoine
River populations are also placed in this race.
Percina caprodes (Raflnesque). Logperch. Uncommon with only five
specimens collected, all from moderate to swift deep riffles in the
Etheostoma

middle and lower

stream

areas.

Percina copelandi (Jordan). Channel darter. Only four specimens of
the channel darter were collected, all at Antoine (Station 1)in the main
river from moderately swift deep riffleareas with algae covered gravel
substrates.
Percina maculata (Girard). Blackside darter. A single specimen of Pmaculata has been collected from the system by Dr. G. A.Moore (pers.
comm.). This species is rare due to the paucity ofits preferred lowland
habitat in the Antoine River system.
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sciera (Swain). Dusky darter. Common. Frequently encountered
Percinaover-hanging
banks and submerged brush piles and leaf litter in
near
the lower stream sections.

Sciaenidae

(Drums)

Aplodinotus grunniens Rafinesque. Freshwater drum. Rather common
in the lower pool regions and frequently taken by fishermen (R. Reed,
pers. comm.).
SUMMARY
A total of 60 species in 29 genera representing 16 families was
documented from the Antoine River, a tributary of the Little River
system, by 34 field collections, previously published literature records
and museum records.
comparing the Antoine River ichthyofauna with other Ouachita
itain streams of southern Arkansas, it is apparent that the
ine is a moderately rich stream system. For example, the entire

I

Missouri River,of which the Antoine River is a tributary, has
lIof91 fish species known from the system (Myers, 1977) while
addo River system, immediately to the north of the Antoine has
corded species (Fruge, 1971; Dewey and Moen, 1978).
The occurrence of good populations of the rare cyprinid Notropis
perpallidus was seen as evidence of relatively good water quality as was
the presence of 12 darter species.
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GENERAL NOTES
TWENTY-TWO NEW SPECIES OF SPIDERS FOR THE ARKANSAS CHECKLIST
Beck and Dorris (1982) presented a preliminary study of spiders of the east central Ozark Mountain area. After recently covering the entire
Ozark Mountain area, 363 species representing 33 families were found, of which 22 represent new records for the Arkansas checklist.
Several methods for collecting were used in this study, including: a) heavy duty sweep net ingrasses and heavy brush, b) wire mesh sieve
for leaf litter, c) hatchet, for chopping bark from trees, d) hand picking from bushes, ground and dwellings,and other related places, e) muddauber nest collections to reveal paralyzed spiders captured bythese Hymenopterans, 0 night spot-lighting, and g) scanning wooded areas for webs.
Specimens were killed and preserved in75"% ethanol. Collections were made at various hours to ensure a broad coverage of spider habits. Also,
to insure a broad coverage of the Ozark Mountain area, ten check stations were established and sampled from February 1979 through July 1982.
Each station was checked four or more times during the period to ensure representative sampling; two sub-stations were inspected one to three times.
Taxonomic names used are those employed by Comstock (1972), and Kaston (1948, 1978). The table summarizes 1) county inwhich collected
2) date collected, 3) method of capture, 4) habitat association, and 5) specific site ofcollection.

TAXON

COUNTY

DATE

METHOD

HABITAT

COLLECTION
SITE

Field

Buffalo

Antrodiaetidae
Antrodiaetus

unicolor

Marion

7/5/79

P

Marx

Stone

6/1/82

SN

Banks

Cleburne

6/1/82

P

(Walckenaer)

Newton

6/4/82

P

Low

Lawrence

5/3/81

P

Low Shrubs

Lake Charles
Rec. Area

Newton

6/9/81

P

Forest

Lost Valley

Marion

5/29/80

P

Low Shrubs

Wild Cat
Cotter

Newton

3/18/81

SN

Mixed

Lost Bailey
Nature Trail

Cleburne

6/1/8 2

SN

Lawrence

5/31/81

Boone

6/8/81

Lawrence

7/27/81

Marion

5/9/80

Lawrence

7/27/81

(Hentz)

Point

Uloboridae
Uloborus diversus

Low

Shrubs

Mountain View
Airport

Scytodidae
Scytodes

perfecta

Building

Swinging Bridge

Heber Springs

Theridiidae
Rhomphaea

lacerta

Tidarren sisyphoides

Anelosimus

(Walckenaer)

textrix (Walckenaer)

Shrubs

Lost
Water

Valley
Fall

Visitor's Area
Shoals

Linyphiidae

zebra (Emerton)

Lepthyphantes

Grasses

Micryphantidae

Ceraticelus
Pelecopsis

emertoni

(O.P.
Cambridge)

moestum (Banks)

Field

Swinging Bridge
Heber Springs

Bare
Ground

Lake
Rec.

SN

Field

Industrial
Harrison

SN

Field

Lake Charles
Rec. Area

P

Field

Wild Cat
Cotter

SN

Heavy
Brush

Lake Charles

Field

Swinging Bridge
Heber Springs

P

Charles
Area
Park

Araneidae
Eustala

cepina

Larinia directa

(Walckenaer)
(Hentz)

Cleburne

6/1/82

SN
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TAXON

COUNTY

DATE

METHOD

Cleburne

6/1/82

SN

Field

Swinging Bridge
Heber Springs

Boone

6/8/81

SN

Field

Industrial Park
Harrison

Marion

5/30/80

SN

Field

Wild Cat
Cotter

Marion

5/30/80

P

5/1/81

P

HABITAT

COLLECTION
SITE

\
i
f

Neoscona

F

Sinqa keyserlinq McCook

f

minima

F.O.P.-

Cambridge

|

I
j

Lycosidae

I

Pirata

(Clerck)

piratica

Arctosa

emertoni

Gertsch

Cleburne

Low

Shrubs

Wild Cat Shoals

Cotter

1 Mile

Forest

Shoals

South

Swinging Bridge

Heber Springs
(Hentz)

funerea

Allocosa

Lawrence

6/1/81

P

Newton

6/9/81

P

6/1/82

P

Cleburne

Lake Charles
Rec. Area

Leaf

Litter
Leaf
Litter

Lost

Leaf

1

Valley

Visitor's Area
Mile South

Swinging Bridge

Litter

Heber Springs
Pardosa

Banks

moesta

Lawrence

5/31/81

P

3/18/81

SN

Short
Mixed
Grasses

Lake Charles

Leaf

Litter

Devil's Den
Camp Ground

Boat

Ramp

Gnaphosidae
Callilepis pluto Banks
Zelotes

rusticus

Washington

(L. Koch)

Marion

6/3/82

SN

Field

Rim

Schick

Baxter

6/3/81

SN

Field

Bull Shoals

Newton

6/9/81

P

Lawrence

7/27/81

Shoals
Cotter

Thomisidae
Misumenops

deserti

State

Park

Salticidae
Phidippus apacheanus
Metaphidippus

Method

Chamberlin
Gertsch

&

f laviceps Kaston

—

Code

P
Hand
SN--Sweep

SN

Field

Lost Valley
Nature Trail

Bare
Ground

Mammoth
State

Springs
Park

Picked
Net
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RANGE EXTENSION OF THE SILVER CARP, Hypophthalmichthys molitrix
The silver carp, Hypophthalmichthys molitrix (Valenciennes), is listed as an exotic fish formerly established or oflocal occurrence (Robins
C. R., R. M. Bailey, C. E. Bond, J. R. Brooker, E. A. Lachner, R. N. Lea, and W. B. Scott. 1980. A List of Common and Scientific
Names
of Fishes from the United States and Canada. 4th Ed. Am. Fish. Soc. Sp. Pub. No. 12 p. 96). Single specimens were taken from the Ohio River
below Smithland Dam on April 7, 1982 (B. McLemore, pers. comm.), from the Ohio River below Union Town Dam on February 19, 19^
(D. Bell, pers. comm.) and from a small canal between Wham Brake and LaFourche Canal Systems in Ouachita Parish, Louisiana on April1
1981 (J. Hughes, pers. comm.). On June 8, 1982, a single 4.1 kg specimen was collected in a trammel net by R. E. Lee, a commercial fisherman
from Tomato, Arkansas, and deposited in the Arkansas State University Fish Collection (no. 9383). The specimen was an adult female, 70 cm
in total length, 59 cm in standard length; it possessed 8 dorsal fin rays, 15 anal fin rays, 18 pectoral fin rays, 8 pelvic fin rays, and 109 scales
in the lateral line.
This female specimen represents the first definite record ofH. molitrix occurring in the Arkansas water of the Mississippi River, at river
mile 804. Its previous distribution was reported to be limited to the Arkansas and White River Systems (Freeze, M.and S. Henderson, 1982. Distribution
and Status of the Bighead Carp and Silver Carp in Arkansas. N. Am. Jour. Fish. Mgr. 2:197-200).
F. ALLEN CARTER, Arkansas Game and Fish Commission, No. 2 Natural Resources Drive, Little Rock, AR 72205. JOHN K. BEADLES,
Department of Biological Sciences, Arkansas State University, State University, AR 72467.

SICKLEFIN CHUB, Hybopsis meeki, INTHE MISSISSIPPI RIVER BORDERING ARKANSAS
The sicklefin chub, Hybopsis meeki Jordon and Evermann, was collected December 29, 1980 in the Mississippi River bordering Arkansas
at river mile 813.0, 15 river miles downstream from the Arkansas-Missouri state line. H.meeki was first reported in the Missouri River near St.
Joseph, Mo. in 1884 (Pflieger, 1975). Also, Cross and Collins (1975) reported it rare in Kansas and collected only following floods on a few
occasions. Conner and Guillory (1974) reported the Mississippi River range to extend downstream to the vicinity of Vicksburg, Mississippi.
Additional specimens of H. meeki have been reported from Iowa, Nebraska and South Dakota (Moore, 1968).
The two specimens reported here were collected on a very cold, windyday by Allen Carter, Tom Buchanan, and Sam Henry. They were
collected with a 3.2 mm mesh nylon seine and have been deposited inthe Arkansas State University Museum of Zoology, lot #9366. They were
caught over a sandy bottom in moderate current at depths of 0.5 to 1.5 m at approximately noon. The water temperature was approximately 2°C.
Both specimens were juveniles measuring 3.4 and 2.9 cm in total length, 2.5 and 2.2 cm in standard length. They had 8 dorsal fin rays, 8 anal
fin rays, 14 pectoral fin rays, 7 pelvic fin rays, and 43 and 41 scales in the lateral line. These two specimens represent the first definite records
of//, meeki for the Arkansas water of the Mississipi River. Not much is known about their feeding and reproductive habits. The mouth has many
taste buds and itis believed that food is sorted from river bottom material that is taken indiscriminately (Davis and Miller, 1967). Pflieger (1975)
reports that young have been found in the Missouri River during July, suggesting a spring spawning season.
Other fishes collected with the sicklefin chub included: rainbow smelt Osmerus mordax (Mitchill),speckled chub Hybopsis aestivalis (Girard),
silver chub Hybopsis storeriana (Kirtland), emerald shiner Notropis atherinoides Rafinesque, river shiner Notropis blennius (Girard), silverband
shiner Notropis shumardi (Girard), and bluegillLepomis macrochirus Rafinesque. The authors wish to thank Dr. Henry W. Robison ofSouthern
Arkansas University, for his verification of the specimens.
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PRAIRIE PHENOLOGY AND SEED GERMINATION

One of the more striking features of a prairie is the ever changing display of flowers amid the majestic grasses providing each season with
new brilliance and delicate beauty until frost and winter when the bronze-colored grasses dominate the landscape. These cyclic phenomena are
determined by environmental factors such as water and temperature. As flowers bloom, fruits develop and seeds mature, plant material diminishes
and falls to the ground adding to the leaf litter where fungi and bacteria hasten decay in returning nutrients to the soil for reuse by still other
prairie flora. Not only is there constant change in the vegetation, but the fauna associated with the prairie ecosystem are likelyto come and go
according to their various cycles; the vole, the quail, the rabbit and many birds add life to this biome.
This study was conducted inconjunction with the ongoing prairie restoration project ofthe 1.5hectare field within the Jewel E. Moore Nature
Reserve located on the University of Central Arkansas campus in Conway. (Data more accurately describing this prairie site can be found in: Wright
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&Culwell, Early stages of prairie restoration on a 1.5 hectare field in Faulkner Co., Ark., Proc. Ark. Acad. Sci. 36:80-81, 1982). Following a
,
late winter burn, early spring is heralded on this prairie by the blooming of such plants as bluets fHoustonia pusila) prairie ragwort (Senecio
tomentosus), Indian paintbrush (Castilleja coccinea), and lance-leaved violet (Violalanceolata). Late spring produces flowers ofself-heal (Prunella
vulgaris), Sampson's snakeroot (Psoralea psoralioides), wild garlic (Alliumcanadense var. mobilense) and milkwort (Polygala sanguined). The
profusion of spring colors subsides a bit as summer arrives withthe blooming of wildpetunia (Ruelliahumilis), hoary pea (Tephrosia onobrychoides)
and black-eyed susan (Rudbeckia hirta). Mid summer finds the more subdued rattlesnake master (Eryngium yuccifolium), as well as the more
stately and brilliant ironweed (Vernonia missurica), button snakeroot (Liatrispycnostachya) and ashy sunflower (Helianthus mollis) in bloom.
Fall colors are dominated by the white heath aster (Aster pilosus), the bigblue lobelia (Lobelia puberula) and the yellow of narrow-leaf sunflower
(Helianthus angustifolius). This progression ofseasonal flower development willvary in years when there is less regular rainfall and periodic drought.
The Figure shows seasonal flower development for most of the flowering plants exclusive of the grasses and sedges on the Nature Reserve Prairie
(only Castilleja coccinea was introduced during restoration); timingofbloom may vary tremendously as one can note when comparing this seasonal
development in 1982 with that recorded for the Roth and Konecny Prairies in 1976 (Irving&Brenholts, An ecological reconnaissance of the Roth
and Konecny Prairies. Prepared for Ark. Nat. Her. Com., 1977).
SPECIES
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Figure. Seasonal flower development of 1982.

Restoration of the Jewel E. Moore Nature Reserve Prairie and the Prairie on Interstate 40 at Conway (Wright&Culwell, 1982) has involved
sowing ofseed. Seed of prairie species not present on the restoration sites or those present inonly small numbers was collected in the fall
!2 from Arkansas sites ofrailroad prairies between Hazen and Carlisle, and Conway and Mayflower. In an effort to assess what germination
rowth can be expected during this growing season of 1983, germination tests were run on both stratified and unstratified seed. With the
tion of five species, a four-week stratification period increased the percentage of germination of twenty species.
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SPIDERS COLLECTED FROM ABANDONED MINE TUNNELS IN THE OUACHITA NATIONALFOREST

Although much attention has been given to the caves of Arkansas, Dunivan

et al. (1982), McDaniel et al. (1979), McDaniel and Smith (1976),
(1974), Barnett (1970), Hubricht (1950), few scientific efforts have been made to document the fauna of mine tunnels.
this study, six species representing four genera of spiders were collected from abandoned silver, gold and manganese mine tunnels in Garland,
joinery and Polk counties within the boundary of the Ouachita National Forest, Arkansas, from December 1982 to March 1983 (Table).
¦s were collected from tunnels that varied from 10 to 150 meters in length, 2 to 3 meters in height and 1 to 2 meters in width. Temperatures
jed 15.5 degrees Centigrade and rarely varied. All of the tunnels contained seepage areas which provided enough moisture to maintain
lity near 100 percent and several of the tunnels received enough seepage to have small streams flowing from their entrances throughout the
period. The amount of organic debris found in these tunnels was variable, usually consisting of a small accumulation ofleaves and/or crossties
ooden tunnel supports. Specimens were collected by standard methods and put directly into vials containing 70 percent alcohol and transported
laboratory for identification.
members of the genus Dolomedes are referred to as the "fishingspiders" and in each case these spiders were found where pooled water
red in the tunnels. They were often observed poised directly above the waterline of these pools and were apparently catching aquatic insects
were seen utilizing pool areas. These spiders do not construct webs.
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Prolinyphia species are web builders that were found hanging in their webs at the top and along
the walls of the tunnel
small flying insects. Specimens of Achaearanea porteri (Banks) collected during this study represent the onlyknown
Ouachita Mountain area and only the second collection of this species in the state. Interestingly, the only other report
of this spider from Arkansas was by Barnett (1970) who found this species utilizing similar habitat within Mansell Cave in Randolph county
Members of the genus Amaurobius were found primarily under stones and inrock fissures or wall crevices. Dark areas of the tunnels near
the entrances were preferred. Specimens ofAmaurobius ferox (Walckenaer) collected during this study represent a new state record.
Assistance from Darrell Heath and Teresa Beggs in collecting specimens is gratefully acknowledged.

Achaearanea and

apparently trying to trap
for this spider from the

Table. Data

concerning spider

Taxon

rfeAox (Walck.)
Volomtda vlttatui (Walck.)
AchaeaAanta po/UvU (Banks)
hmu/wbuiJ, idAox (Walck.)
knauKobwl

I

localities

collections from mine tunnels.

Date

12/20/82
1/08/83
1/18/83
2/20/83
Pnotuiyptua maAginata (Koch)
2/20/83
Adiawuuiea potttAi (Banks)
2/20/83
Achaeawnea te.pidaAA.o'wm (Koch)
2/20/83
KdnoMVWLnta tzpldaAxomm (Koch) 2/20/83
Votcmniu ulttatui (Walck.)
2/20/83
Amautob.ua ieAox (Walck.)
2/20/83
Dotomzdu vlttatui (Walck.)
2/12/83
Volomzde* \i-Utaiu6 (Walck.)
2/12/83
Votomzda ttmbKoiui (Hentz)
3/26/83
Votomadej, viXXaXiiA (Walck.)
3/26/83
AmauJwbiui, tfeAox (Walck.)
3/26/83

County
Garland
Polk
Garland
Garland
Garland
Garland
Garland
Montgomery

Montgomery
Montgomery
Polk
Polk
Polk
Polk
Polk

Distance in Meters
From Entrance
0-8
0-8
0-8
17-50
0-8
0-8
0-8
0-8
0-20
0-50
0-50
0-50
0-10
0-10

0-10
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FLAT PLATE SOLAR THERMAL COLLECTORS: A COMPARISON OF
EFFICIENCIES OF VARIOUS COLLECTOR CONFIGURATIONS
In a previous study, collectors were installed vertically in a south-facing single glazed laboratory window. The dual functions were as a
thermal solar collector and as an insulator for the window. Results included an energy saving from the insulation property of approximately 19
dollars per year and an experimental solar energy collection income of approximately 2 dollars per year (Eichenberger, Energy Conv. & Mgt.,

20:197-199, 1980).
The purpose of this study was to compare the efficiencies, energy collected, and construction cost for various practical collector configurations and materials.
The inside configuration and materials used in converting solar radiation to heat energy were varied for comparison. Cover plate materials
were also varied for comparison. Materials tested were relatively inexpensive building materials suitable forself-construction and installation. The
material cost per thermal power delivered (watt) was also calculated since this is an important consideration insolar utilization.
Two solar collectors were constructed to provide a side-by-side test situation. The collectors were both 1.22 meter by 1.22 meter outside dimensions.
One collector served as the control and the other as the experimental model on which the internal material and cover plates were changed. Solar
insolation was measured with a meter which was calibrated using a reference source on the same date and time and extrapolated for the same
latitude (Anderson, Solar energy; fundamentals inbuildingdesign, p. 292, 1977). Each collector was fitted with an electric blower rated at 16 watts
and 0.99 cubic meter per minute of free air; it delivered a measured 0.42 cubic meter per minute ofair flow when connected to the collector. The
flow rate of the blower was measured witha Dwyer flow meter. This measured rate was compared witha mechanical anemometer and a fan. Results
ofthe two flow rate measurements were with5<7o. Ambient temperatures and output air temperatures were measured. Heat delivered was calculated
and the input solar energy was measured with the meter and used in calculating the efficiencies.
In the first stage of the experiment, both collectors were fitted withidentical double glaze polycarbonate covers. The inside absorber configurations were changed for comparison of efficiencies and thermal power produced. The control collector had aluminum screen placed 2.5
centimeters above a styrofoam insulation board in the back. Both the aluminum screen and the insulation board were painted flat black with
inexpensive carbon and silicate-based paint. Air was forced from the back through the screen toward the cover plate, and then pulled back through
the screen absorber by a fan and a baffle and out the back (see Fig. 1). The experimental collector was also fitted with a2.5 centimeter thick styrofoam
insulation panel covering the back. Then 2.5 centimeter high styrofoam channels were attached to the insulation board. These channels were
designed to produce a serpentine air flow across the collector (see Fig. 2). The entire board and channels were covered with aluminum foil and
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Figure 1.

Table 1. Interior Light to Heat Conversion Materials with Identical
Double Glaze Polycarbonate Covers
Average Efficiency

Haterlal

Average

Thermal

Power/m2

Black Aluminum Screen*

35*

237

watts + 5 watts

Black Aluminum Foil Channeled

32*

205

watts

Black Aluminum Screen*
Black Steel Roofing

35*
24*

194 watts ? 5 watts
129 watts *_ 5 watts

* Indicates

control collector unit operating

during

+5

watt!

the same time

period.

Table 2. Various Cover Plates with Identical Interior Black Aluminum
Screen Absorbers
Material

Average Efficiency

Double Glaze

Polycarbonate*

Single Glaze

Styrene Acrylonitr

Average

Black Aluminum Screen Absorber-

2I

4 /w.>1t

Black Steel Roofing AbsorberDouble Glaze Polycarbonate Cover

36</watt

Black Aluminum Foil Channeled AbsorberDouble Glaze Polycarbonate Cover

2U/watt

Single Glaze Styrene AcrylonitrlleBlack Aluminum Screen Absorber

I8c/watt

Single Glaze FilonBlack Aluminum Screen Absorber

I5c/watt

Thermal Power/m2

+5

37*

237

watt

ile 29*

183

watts *_

Double Glaze Polycarbonate*

37*

I94

watts

Single

26*

172

watts

Glaze Filoi
(Fiberglass Reinforced Resin)

Table 3.

watts

5

watts

? 5
+5

watts

watts

experimental configuration was assembled with corrugated steel roofing painted flat black as the absorber plate,
was made to flow over the top of the roofing and below the roofing and between the styrofoam insulation board.
part
the experiment compared different materials commonly available as cover plates withidentical flat black aluminum screen
rbers as described earlier.
materials cost analysis was done foreach collector configuration to find the cost per unit ofthermal power delivered. The analysis excluded
costs. The results are displayed in Table 3.
Flat black aluminum screen absorber delivered the highest conversion from solar lightto heat efficiency of about 35% and the highest average
thermal power of about 240 watt/m 2 Double glazed polycarbonate was the most efficient cover plate, as expected, and delivered the highest
thermal power. Of the single glazed material tested, styrene acrylonitrile delivered slightly higher efficiency and thermal rating. Collector efficiencies were higher on lower ambient temperature days, as one would expect, because ofradiation energy losses from the collector proportional to
the fourth power of the absolute temperature and lower collector temperatures on those days. Results were averaged over a minimum of five days
to reduce these variations, and values reported in
Tables 1 and 2 compared experimental with control units during the same time period.
materials cost per delivered unit of thermal power was lowest for the single glazed filoncover plate at about 15t/watt with the black
inum screen absorber material.

The second
tted flatblack.
second
of

tA

.
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Further study is planned using polyethylene filmas one glazing and a rigidmaterial such as filonas the second glazing to cut costs and
the effectiveness, therefore promoting the utilization of solar energy.

increase

RUDOLPH J. EICHENBERGER, Physics-Engineering Dept., Southern Arkansas University, Magnolia, AR 71753.

NEUTRAL SUGARS IN SELECTED PIT VIPER, ELAPID, LIZARDAND SCORPION VENOMS
Carbohydrates exist in venoms in the form of glycoproteins and as free sugars. Aragon et al. (1977) reported that venom from the
Central
American Bothrops asper is very rich inboth glycoproteins and free sugars. Glycoproteins are reported in a wide variety of snake venoms (Oshima
and Iwanaga, 1969; Basu et al., 1970; Hatton, 1973; Ruff et al., 1980; Marias, 1982). Viperid and crotalid venoms often contain relatively large
amounts of bound carbohydrates when compared with venoms of elapids. These carbohydrates include neutral sugars, amino sugars, and sialk
acid (Oshima and Iwanaga, 1967). In this paper we quantitatively compare L-fucose, D-galactose, D-glucose, and D-mannose neutral sugars of
whole venoms from snakes, lizards, and scorpions. The venoms were also analyzed for the presence of D-arabinose and D-xylose.
L-fucose and lyophilizedvenoms of Agkistrodon bilineatus, Heloderma horridum, H. suspectum, Androctonus australis, and Naja naja atra
were purchased from Sigma Chemical Company. The other venoms, also lyophilized, were a gift from Dr. H.L.Stahnke of the Poisonous Animals
Research Laboratory at Arizona State University. The other carbohydrate standards were purchased from Chem Service, Inc.;
l-dimethylamino-2-propanol from Aldrich Chemical Company; methanol from MCB Manufacturing Chemists, Inc.; and pyridine from Fisher
Scientific Company. All liquidreagents were redistilled prior to use.
Gas chromatography was performed using a Perkin-Elmer Model 3920B instrument equipped with dual flame ionization detectors and 6-ft.,
l/8-in.-o.d. nickel columns packed with1% stabilized diethylene glycoladipate on 100-200 mesh Chromosorb W (HP) by the procedure described
by Mawhinney et al. (1980). Data were collected, stored, and analyzed by a Varian Vista 401 Chromatography Data System.
Neutral sugars were obtained by heating 2 to 4 mg samples of venom with 1.0 mlof0.6 N HC1 per mg +of venom at 100 for 4h and eluting
in sequence through 0.8 x 8-cm columns of Dowex 1-4X (CO," form, 50-100 mesh) and Dowex 5O-8X (H form, 200-400 mesh) with distilled
H2O. One ml ofinternal standard solution containing 0.0186 mg of phenyl /3-D-glucopyranoside was added to the effluent before the sample was
concentrated by lyophilization. To convert neutral sugars to oximes, the effluent was mixed with 0.2 ml of a solution containing 0.6 g of hydroxylamine hydrochloride, 2.0 ml of methanol, 5.47 ml of pyridine, and 0.53 ml of l-dimethylamino-2-propanol and heated at 70° for 5 min in a
Teflon-capped Reacti-vial. After cooling to room temperature, a stream of dry air was directed into the open vial to remove excess reagent. Acetate
derivatives were prepared by adding 1.0 ml of pyridine-acetic anhydride (1:3 v/v), mixing, and heating the vial at 70° for 25 min. The vial was
cooled to room temperature, after which the solution was reduced to a syrup using a stream of dry air. To remove salts, the contents were dissolved
in 1.0ml ofchloroform and washed once with 1.0 ml of1.0 NHC1and three times with 1.0 ml each ofdistilled water. The chloroform was evaporated
with a stream of dry air (Mawhinney et al., 1980). For conversion to aldononitrile acetate (Varmer, et al., 1973), 0.6 ml of pyridine and 1.8 ml
of acetic anhydride were added and the mixture was heated at 90° for 30 min. The solution was evaporated to dryness at 40° under diminished
pressure with a stream of nitrogen directed into the vessel.
Neutral sugars are present in pitviper, elapid, lizard, and scorpion venoms (Table). D-arabinose and D-xylose were not detected in venoms
ofCrotalus molossus, C. scutulatus, and N. naja. Only trace amounts, less than 1 figper mg of venom, of these sugars were indicated in the other
venom analyses. Venom of A.piscivorus piscivorus was relatively low inD-mannose. Otherwise, pit viper venoms contained abundant D-mannose,
comparable amounts of L-fucose and D-galactose, and relatively small amounts of D-glucose. A. bilineatus venom was highest in all the sugars
assayed, except D-glucose. D-mannose was not the major sugar inthe elapid venom tested; however, D-mannose was dominant inthe lizard venom.
Centruroides sculpturatus venom was higher in total neutral sugar than the other scorpion venoms.
A significant unidentified peak (Fig.), probably indicating another neutral sugar, was recorded immediately prior to the D-mannose peak
in the chromatograms of A.p. piscivorus, C. arrox, N. naja, and N. n. atra venom samples. This peak was minor or absent in the remaining
chromatograms. Small unidentified peaks were also recorded immediately prior to the L-fucose peak.
Sialic acid and amino sugar analyses of the above venoms are now in progress.

°

Table. Neutral Sugars in Various

Venoms'*

L-fuc

Vm«

P-««J

°-«l"

°-""

Pit Vipers:
13.3

9.8

1.2

3.5
3.0
2.0
2.5
2.2

1.2

Crot.lu. »tro»
Crot.lu. molu..u.
Crotilu. .cutul.tu.
Crot.lu. 7lrldl. cerb.ru.

A»kl»trodon blllnMtm

1.3
1.9
1I1CI
tr.ce
1.5

mm^

»

«

a

2.3

6.3
4.5

2.6
trace

7.2
5.1

1.3
5.9

1.0
6.2
1.4
4.4

2.4
4.6
1.3

1.4

Anklttrodon pl.clvonT pl.clvorUT

2.7

2.1
6.0
4.8

15.4
1.0
5.6

3.0

8.3
6.0

"

Llxarda:
H«iod«r»* horrldua
H«lod«rma .u.pecty

2.0

Scorpion*:
AndroctomiB auatralla
Centruroldea aculptur»tu«
Hadrurm "aTTxonmala
Hjidruru.

* ug of
+ trace

TTlrautua

1.8

1.4

augar/ag of venon
Indlcataa < 1.0 pg of augar/ng of venom

1.4

4.6
3.6
4.0

venom as aldononitrile acetates. The initial hold was at 170° for two
minutes followed by an increase of 8°/min to a final temperature ot
240°. Nitrogen flow rate was 24 ml/min and sample size was 4 pi.
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REPAIR OF ULTRAVIOLETAND GAMMA-RAYINDUCED LETHAL DAMAGE IN AN
INSECT TISSUE CULTURE CELL LINE*

We have recently performed a series of preliminary radiation experiments which indicate that the IPL-22 insect tissue culture cell line
constitutes another fruitful system for study of the roles played by intracellular repair mechanisms inthe radiation resistance of eukaryotic cells.
The effects of repair processes on the kinetics of ultraviolet (UV) and gamma-ray induced cell killing(loss of colony forming ability) are briefly
described here.
The IPL-22 line was cloned from the IPL-21 insect line (Spodoptera frugiperda), which was obtained from Dr.Troy Orr of the Southwest
undation for Research and Education in San Antonio, Texas. The line was routinely maintained in IPL-41 medium (Kansas City Biological)
plastic tissue culture flasks (Falcon). Log phase monolayer cultures with plating efficiencies near 0.70 were selected for each experiment. All
experimentation was carried out at 26 degrees Celsius. Gamma-ray was administered with a custom designed Mark IV Cesium 137 irradiator at
a dose rate of 40 rads/minute. Techniques employed for UVirradiations, photoreactivation (PR), cell fusions, caffeine treatments, single cell plating
of treated cells, incubations, and survival determination (assays for colony forming ability) were essentially the same as those described previously
for Xenopus cells (Griggs and Bender, 1973; Griggs and Orr, 1979; Haetten, McGuinness and Griggs, 1982).
The UV LDjo (lethal dose to 50 percent of the cells) for IPL-22 cells can be estimated from the UV-alone data of Figure 1 to be near 200
i/mm 1,indicating a significantly higher resistance to the lethal effects ofUV than that observed for established vertebrate tissue culture lines
) (Griggs and Bender, 1972). The UV-alone
ias the A8 Xenopus line (LD!0 near 60 ergs/mm !
) and the V79 hamster line (LD,0 near 75 ergs/mm :
i(Figure 1) constitutes a sigmoid or threshold curve, suggesting a multihit single target, multitarget single hit, or multitarget multihit relation
cind and Whitmore, 1967). However, as indicated by the UV + caffeine data of Figure 1, caffeine significantly alters the UV curve by reducing
shoulder or threshold segment. These data suggest that the threshold results, at least in part, from the operation of a caffeine sensitive
acellular repair mechanism, perhaps similar to the caffeine sensitive recombination-like repair mechanism observed in V79 hamster cells (Cleaver,
4; Haetten et al. 1982).
IPL-22 cells photoreactivate a small fraction of the lethal damage induced by UV doses in the range 0-400 ergs/mm 2 (Figure 2). Direct
matic repair is indicated, since the reactivation light effectively diminishes the UVdose, (Rupert and Harm, 1966). Itis interesting that IPL-22
do not appear to possess an efficient PR mechanism, as do many microorganisms (Rupert and Harm, 1966) and some vertebrate cells (Griggs
Bender, 1972).
The gamma-ray survival curve for IPL-22 cells also indicates a threshold response with an LD,0 near 1000 rads (gamma-ray alone points,
Figure 3). This is a rather marked resistance to the lethal effects of gamma-ray as compared to the resistance shown by established mammalian
cell lines (Elkind and Whitmore, 1967). The observed increase inresistance to a given dose when the dose is fractionated (Table 1) suggests that
gamma-ray resistance is due in part to the operation of a dark repair mechanism, perhaps similar (or identical) to "Elkind recovery" (Elkind and

I

It
Sutton,

1960).

Two experiments were carried out to explore overlap ofUV and gamma-ray induced lethal lesions. As indicated by the UV + gamma data
Figure 3, UV exposures in the 0-40 ergs/mm 2 range actually reactivate some of the lethal damage induced by 500 rads of gamma-ray. This UV
ctivation (UVR) appears to be similar to that observed in Xenopus cells (Cross and Griggs, 1978). Higher doses of UV have an additive, or
haps synergestic, effect with gamma-ray. The data of Table 2 are results of an attempt at what could be termed "fusion reactivation" (FR).
e synkaryons, produced by fusion ofUV-irradiated parental cultures with gamma-irradiated parental cultures, exhibited a higher level ofsurvival
n either of the parental cultures (Experiment 3, Table 2). This "Reactivation" may result from a type of genomic complementation in which
h viable synkaryon contains at least one undamaged copy of the essential genetic units. However, further investigation of the growth characteristics
viable synkaryons may indicate a more complex mechanism, perhaps involving some type of enzymatic repair.
The data described here indicate that a significant part of the radiation resistance exhibited by IPL-22 insect cells is due to the functioning
dark (non PR) radiation repair mechanisms. These dark mechanisms appear to function more efficiently than similar repair mechanisms
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Figure 1. Survival of IPL-22 cells which were

exposed to UVand then incubated in IPL-41
medium (circles) or IPL-41 medium containing 0.0008

.

moles/liter caffeine (triangles).

Figure 2. Survival ofIPL-22cells followingUV
(circles) and UV + PR light (3x10' ergs/mm 2)

V£?

Second

TAT

Interaction
tiM <hour>)

600

gamma-ray (circles)
(triangles) exposures.

exposures.

Table 1 Survival of IPL-22 cells following a gamma-ray exposure of
600 rads, administered in two fractions as indicated.
First

Figure 3. Survival of IPL-22 cells following

Surviving

fraction

0.65

—--

and gamma-ray + LTV

Table 2. Survival ofIPL-22 cells which were exposed to UVor gammaray compared with survival of hybrid cells which were produced by
fusion of UV exposed cells with gamma-ray exposed cells.
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possessed by many vertebrate cells. To explore further relations between insect and vertebrate radiation repair mechanisms, we plan to study the
extent and nature of interactions of insect and mammalian repair mechanisms, using mammalian-IPL-22 hybrid cell lines.
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A PRELIMINARY REPORT ON THE ZYGOPTERA (DAMSELFLIES) OF ARKANSAS

Adams (1900) published the first list of Arkansas Odonata, reporting seven damselfly species. Subsequent papers (Needham and Heywood,
1929; Bick, 1959; and Houston, 1970) increased the species list to 18. Bick (1978) was apparently unaware ofHouston's (1970) paper and relisted
three species as new records. This study provides a list for Arkansas damselfly species, their known flightseasons, and their distributions by county.
Adults of most species occurring or possibly occurring in Arkansas can be identified using the keys of Johnson (1972). The exceptions, several
Lestes species and Enallagma aspersum, are included in Walker's (1953) keys.
The data presented are a compilation of the contributions of all sources listed in the Acknowledgements, pertinent published records, and
materials collected by myself. The museum collections at the University of Arkansas-Fayetteville and -Little Rock were visited.
Treatment of captured specimens was as follows. While still alive, specimens were placed in paper triangles with wings inthe normal resting
position and heads rotated 90° to the left. The triangles were placed in science-grade acetone for a period of 18-24 hours. These may remain in
me forup to five days with no detrimental effects. Next, each specimen was removed from the acetone, dried, identified, and transferred
clear cellophane envelope with a 3 X 5 inch data card. These curatorial methods are advantageous in that they better preserve many colors
does air drying, storage space is minimized, and, since each envelope contains but one specimen, association ofparts after breakage is facilitated.
Thirty-three damselfly species are currently recorded for Arkansas. The flight season for most of these extends from spring through summer
is, and for many species persists into mid-autumn (Table 1). Temperature appears to be a major factor controlling their emergence. Some
s vary from this generalization, however. Enallagma divagans seems to be a spring to early summer species, as was noted by Johnson (1972).
rina titiain Arkansas appears inmidsummer and flies through early autumn. Johnson (1972) stated that it is characteristically a spring form
tral Texas. Species of Lestidae are highlyadapted for life in temporary waters, and many have a diapause in the egg (Corbet, 1962). This
es a characteristic massed, synchronized emergence on the species, followed by a relatively short flight period. Lestes disjunctus australis
iextended flight season in Arkansas, but L. inaequalis and L. rectangularis are spring fliers, while Archilestes grandis adults are present
the late summer and autumn (Table 1).
I
Twenty-four Arkansas damselfly species (73%) are of the Eastern United States or Eastern U.S. -Tropics fauna, and seven species (21%)
are Transcontinental or Transcontinental-Tropic in distribution. They are therefore likelyto be found in any Arkansas county, provided suitable
habitat is present. Ischnura posita and Anomalagrion hastatum are the most common forms, having been recorded in 69 and 54 counties, respectively (Table 2). These two species can be found in association with a variety of aquatic ecosystems, and they apparently have a wide range of
tolerance for several environmental parameters.
Ischnura ramburii and /. verticalis are two species of the Eastern U.S. which reach a geographic limit in Arkansas. /. ramburii has been
reported from Louisiana, Mississippi, Texas and Oklahoma, but not from Kansas, Missouri or Kentucky (Bick, 1957; Bick and Bick, 1957;
Montgomery, 1967; Johnson, 1972; Huggins et al., 1976; Lago and Stanford, 1979). Its Arkansas distribution reflects that situation in that 19
of the 21 counties from which itis recorded are in the southern half of the state. Seemingly disjunct populations in Craighead and Washington
are the exceptions. /. verticalis has been reported fromnorth of a line connecting Lake Texoma (Oklahoma-Texas state line) withextreme
least Tennessee (Bick, 1957; Bick and Bick,1957; Montgomery, 1967; Johnson, 1972; Huggins et al., 1976; Lago and Stanford, 1979; Johnson
Coney, 1980). Its Arkansas distribution concurs with those data, as the 10 counties listed are northcentral and northwestern.
Argiaplana apparently has a limited Central U.S. distribution, as it has onlybeen reported from Texas, Oklahoma, Kansas and Missouri
(Bick, 1957; Montgomery, 1967; Johnson, 1972; Huggins et al., 1976). Ten of the 11 Arkansas county records for this species are in the northern
Quarter of the state. Four of the six county collections made by me were from springs or spring-fed steams. I
have not been able to determine
the specific habitat for the remaining five county collections. Huggins et al. (1976) listed four of their seven county collections for this species
in Kansas as being from springs.
Argia immunda has been reported from only Mexico, Texas and Oklahoma (Bick and Bick, 1957; Johnson, 1972). Bick and Bick (1957)
ted this species to be frequent and locally abundant in southern Oklahoma, but absent in the northern part of the state. The Washington
ty, Arkansas, record is the most northern and eastern location forA. immunda.
Johnson and Westfall (1970) have remarked that Ischnura kellicotti is one of the few temperate latitude odonates to have developed an
rently obligatory relationship with specific plants. The plant inthis case is a water lily,Nuphar (spatter dock). My first collection of this species
on 27 July 1982 from Berg Lake at the western city limit of Camden, Ouachita County, Arkansas. This population was associated with
phaea odorata Ait.,the sweet-scented water lily,and is the first record of this particular association. A subsequent collection of /. kellicotti
made on 6 September 1982 from a pond on the S side ofU.S. Hwy. 270, 1 mi E of Poyen and immediately W of Frances Creek, in Grant
nty, Arkansas. This pond contained Nuphar.
perusal of the damselfly species lists for neighboring states (Bick, 1957; Bick and Bick,1957; Macklinand Cook, 1967; Montgomery, 1967;
son, 1972; Huggins et al., 1976; Lago and Stanford, 1979) reveals that at least eight additional species may be found in Arkansas. Those
» include Calopteryx dimidiata (Burmeister), Lestes congener Hagen, L. dryas Kirby,L. forcipatus Rambur, Amphiagrion saucium (Burmeister),
magrion conditum (Hagen), Enallagma dubium Root, and Nehalennia integricollis Calvert.
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Table 1. The Zygoptera of Arkansas, and their known flight periods.
New state records are designated by an asterisk.

Table 2. Arkansas Zygoptera (damselflies), listed by county.

Calopterygidae

maculata (Beauvola) 7-V to 9-X
Hetaerlna amerlcana (Fabrlclus) 7-V to 12-X
•Hetaerlna tltla (Drury) 11-VII to 20-IX
Caloptcnrx

Lestldae
'Archllestea grandls (Rambur) 7-VIII to 15-XI
Leatea dla.iunctus auatralls Walker 8-V to 28-IX
•Leates lnaequalls Walsh 28-IV to 22-V1
'Lestes rectangularls Say 20-V
*Leatea unguiculatus Walker 20-VI to 2-VIII
"LesteB vlKllax Hagen collected 7-V aa a naiad
Coenagrionldae
Anomalagrlon haatatmn (Say) 10-IV to 12-XI
Argla aplcalls (Say) 10-VI to 25-X
date
Argla fumlpennls violacea (Hagen) 28-V1 to 29-IX
»Argla lmunda THagen) no date
Argla aoeBta (Hagen) 7-V to 15-IX
'Argla plana Calvert 3-IV to 7-IX
Argla aedula (Hagen) SU-V to 5-IX
Argla tlblalls (Ranbur) 5-V to 6-IX
Amla tranalata Hagen 5-VII to 7-X1
Enallaana asperaun (Hagen) 30-IV to 7-XI
Enallawna basldenB Calvert 13-V to 31-VIII
Enallagma civile (Hagen) 7-VI to 25-XI

•Argla blpunctulata (Hagen ) no

•Enallaroa daeckll (Calvert) 22-VI
Enallagma dlvagans Selys 16-IV to 22-VI
Enallagna exsulana (Hagen) 7-V to 7-IX
•Enallagma gemlnatum Kelllcott 13-V to 22-VI
Enallaana algnatun (Hagen) 25-IV to 29-X
•Enallawna traviatum Selys 23-V to 2U-V
•Enallama vesperum Calvert 13-V \,o 25-X
•Iachmira kellicotti Williamson 27-VII to 6-IX
Iachnura poslta (Hagen) 18-111 to 2-XI
»Iachnura ramburll (Selys) 5-V to 25-X
Iachnura vertlcalls (Say) 21-VI to 12-VIII

This research was supported in part by ASU Institutional Grant No. 571-625 and NSF Grant No. PRM-8122108. 1 gratefully
acknowledge the contributions of the following persons: Norman Lavers (first state records for L. inaequalis, L. rectangularis

and E. vesperum, and many county records), Minter J. Westfall, Jr. (information from his files and identification/confirmationof several specimens), Leonora Gloyd (Arkansas Argia records from the Univ. of Michigan Museum and identification
of some Argia), Tommy Allenand Chris Carlton (UA-Fayetteville Entomological Museum), John Rickett (UA-LittleRock
Entomological Museum), Henry W. Robison and Mark Pippenger (several county records), Ken Tennessen (£. traviatum records),
Edward L. Richards (identification of the water lilies), and my family (our vacations were working ones).
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STATUS OF THE BAT Myotis keenii INTHE ARKANSAS OZARKS

Keen's bat, Myotis keenii, occurs in two disjunct ranges in North America. The western subspecies, M.k. keenii, is found from Alaska south
get Sound in Washington. The eastern race, M. k. septentrionalis, ranges from Saskatchewan to Newfoundland and south to northern Florida
iand Shump, 1979).
Ithas been suggested by van Zyllde Jong (1979), based on a study of Canadian specimens, that M. k.keenii and M. k. septentrionalis are
distinct species. Inthat case, the Arkansas form would take the name M. septentrionalis. At this time it is not clear whether or not this separation
will be accepted. Therefore, we utilize the name M. k. septentrionalis for the Arkansas form.
Myotis keenii is a medium-sized Myotis with long ears (17-19 mm) and a narrow pointed tragus. The forearm measures 32-39 mm and the
wingspan is 228-258 mm; the calcar is not keeled (Barbour and Davis, 1969). Color varies somewhat but the body is usually brownish to reddishbrown above and gray below. The fur is not glossy.
Myotis keenii hibernate in caves or mines during the winter where they usually select relatively cool sites, often near cave entrances. They
often hang singly and seem to prefer tight crevices and holes. They are never abundant; concentrations of 100 or more ina single cave or mine
are unusual (Barbour and Davis, 1969). During summer they roost in a variety of shelters including under the bark of trees, behind shutters, and
in buildings. They appear to be relatively solitary in their habits, except for small maternity colonies formed during summer.
In Arkansas, M. keenii is widelydistributed throughout the Interior Highlands. Sealander (1979) considered it to be "relatively uncommon"
in Arkansas and reported it from Benton, Washington, Newton, Baxter, Stone, and Independence counties inthe Ozarks and fromPike and Garland
counties inthe Ouachitas. During a recent study in eastern Missouri, Caire et al. (1979) reported that 141 trips to 77 caves between October 1975
and April 1976 resulted in locating only 39 M. keenii. However, as many as 460 individuals were captured at a single Missouri cave entrance during
one night in June.
Since 1968, we have recorded M.keenii from 15 caves inseven Arkansas Ozark counties, the same six counties reported by Sealander (1979),
and also from Marion County. Usually 1-3 and not more than 6M. keenii were seen in any one cave. They were found inrelatively large numbers
only
in
one cave, Cave Mountain Cave in Newton County. During the winter of 1973-74 we estimated 200 to be present there and during the winter
of 1977-78 we found ca. 100 (we did not visit the cave during the intervening years). Since the winter of 1977-78, Cave Mountain Cave has been
checked yearly and less than 10 M.keenii have been observed there each winter. However, itis important to point out that because of their preference
for cracks and holes in the cave ceiling, they could easily be overlooked.
Netting at cave entrances during the summer-autumn swarming period indicates that this species is more abundant in the Arkansas Ozarks
indicated by observations of hibernating bats incaves and mines. As many as 40 M.keenii have been netted at the entrance ofCave Mountain
However, that number is greater than at most caves netted, where the number captured during any one night is usually less than 10.
Mountain Cave, located on Buffalo National River lands, from which the largest numbers of M.keenii have been reported in Arkansas,
recently (1982) fenced by the National Park Service to protect the endangered Indiana bats (M. sodatis) and gray bats (M. grisescens) that
nate there from human disturbance. Hopefully, the protection of this cave from disturbance during the hibernation period will result in an
ase in the numbers of M. sodalis, M. grisescens, and M. keenii that hibernate there.
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ARKANSAS RANGE EXTENSIONS OF THE SEMINOLE BAT (Lasiurus seminolus) AND EASTERN
BIG-EARED BAT (Plecotus rafinesquii) AND ADDITIONALCOUNTY RECORDS FOR THE HOARY BAT
(Lasiurus cinereus), SILVER-HAIRED BAT (Lasionycteris noctivagans) ANDEVENING BAT (Ny'cticeius humeralis)
Arkansas is within the geographic range of 16 species of bats, 15 of which are classified inthe Family Vespertilionidae and one in the Family
Molossidae (Sealander, 1979). Historically, research on bats in Arkansas has been inthe Ozark region (Dellinger and Black, 1940; Sealander and
Young, 1955; Sealander, 1960; Harvey, 1976; McDaniel and Gardner, 1977; Harvey et al., 1981). A few studies have been done in the Delta and
Coastal Plain (Sealander and Hoiberg, 1954; Baker and Ward, 1967; Gardner and McDaniel, 1978); however, virtually nothing is known from
the Ouachita region (Sealander, 1954, 1979). The data presented in this paper are the results ofextensive mist netting ofcreeks and mine and cave
entrances, investigation of roosting sites in buildings, caves and mines, records of bats tested for rabies by the Arkansas Department of Health
and examination of skeletal and mummified remains in caves. In addition, the data represent a part of a large scale investigation of the bats in
the Ouachita region.
To date, these investigations have established Arkansas range extensions for the seminole bat (Lasiurus seminolus) and the eastern big-eared
bat (Plecotus rafinesquii) and additional county records for the hoary bat (Lasiurus cinereus), silver-haired bat (Lasionycteris noctivagans) and
the evening bat (Nycticeius humeralis).
Arkansas Range Extensions
Lasiurus seminolus (Rhoads). Typically a tree dwelling species found most often inthe deep south, the seminole bat's range coincides with that
of Spanish moss (Tillandsia usneodes) in which it prefers to roost. In the summer, the bat ranges from South Carolina along the Atlantic
Coast into the gulfcoast area of Texas and Mexico. In late summer, after the young are weaned, some individuals may wander north into
Oklahoma, Arkansas, Pennsylvania and New York (Barbour and Davis, 1969). InArkansas, the seminole bat was formerly recorded from
Ouachita and Bradley counties, but probably occurred over most of the lower two tiers ofcounties (Baker and Ward, 1967; Sealander and
Hoiberg, 1954; Sealander, 1979; Hall, 1981). On 3 September 1982 an adult female specimen was captured ina mist net outside the entrance
to an abandoned mine shaft in Polk County (T3S, R30W, S10). This specimen extends the range of L. seminolus approximately 57 km
to the north of its previously recorded marginal records (Fig. 1). The skin and skull preparation of this specimen has been placed in the
Zoology Museum Collection at the University of Arkansas at Little Rock (#2583).
Plecotus rafinesquii (Lesson). This species is found onlyinsoutheastern United States and littleis known ofits natural history (Barbour and Davis,
1969). The bat had formerly been reported from Bradley, Craighead, Cross, Drew, Greene, Jackson, Miller, Sebastian and Sevier counties
(Gardner and McDaniel, 1978; Sealander, 1979). From Arkansas Department of Health records we recorded the bat from Faulkner and
Lawrence counties. The Faulkner County record is significant in that it represents a geographic area that Sealander (1979) had not included
in the bat's distribution, thus representing a range extension in Arkansas (Fig. 2).

Figure 1. Arkansas distribution of the seminole bat (Lasiurus seminolus).
Shaded area represents geographic range according to Sealander (1979)
and Hall (1981). The square indicates the localityrecord extending the
range northward.

Figure 2. Arkansas distribution of the eastern big-eared bat (Plecotus
rafinesquii). Shaded area represents geographical range according to
Sealander (1979). The squares represent new locality records, indicating
geographic areas not previously included in the bat's distribution.

Additional County Records.
Lasiurus cinereus (Palisot de Beauvois). The hoary bat probably occurs statewide in Arkansas (Sealander, 1979). However, it has previously
been recorded only from Bradley, Craighead, Drew, Garland, Greene, Pulaski, Sebastian, Stone, Washington and Woodruff counties (Gardner
and McDaniel, 1978; Sealander, 1979). We have recorded this species ineight additional counties: Logan, Polk, Montgomery, Saline, White,
Lawrence, Marion and Newton.
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noctivagans (LeConte). The silver-haried bat probably occurs statewide but has only been collected from Bradley, Craighead, Greene,
Marion, Stone and Washington counties (Gardner and McDaniel, 1978; Sealander, 1979). To this list we have added: Independence, Polk

lasionycteris

and Pulaski counties.

tfycticeius humeralis (Rafinesque). The evening bat is very common in Arkansas, particularly in the southeastern corner of the state. It has been
recorded from 14 counties: Ashley, Baxter, Bradley, Carroll, Craighead, Desha, Drew, Greene, Independence, Pope, Sebastian, Stone,
Washington and Yell (Gardner and McDaniel, 1978; Sealander, 1979). We have collected specimens from the following 12 additional
counties: Clark, Cleburne, Garland, Hempstead, Lawrence, Logan, Marion, Montgomery, Newton, Pulaski, Polk and Sharp. Thus, the
evening bat has now been recorded in 26 of the 75 Arkansas counties.
We would like to thank numerous students, particularly Clark Efaw, Belinda Wunderlin and Teresa Beggs for help in
netting activities. Mr.Leonard Aleshire and Mr. David Heath were a great help in locating mine shafts within the Ouachita
area. This research was sponsored, in part, by the U. S. Forest Service (Ouachita National Forest), a University of Arkansas
at Little Rock Faculty Research Grant, and the UALR Office of Research, Science, and Technology.
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MICROCOMPUTER-ASSISTED COLORIMETRIC DETERMINATION OF IRON

Courses inquantitative analysis often include standard colorimetric procedures, in which a series of solutions is used to prepare a calibration
:, with the unknown read from the curve. Anexperiment of this type is the iron-phenanthroline determination which is described inthe manual
ay and Underwood (Day and Underwood, Quantitative Analysis Laboratory Manual, 4th Ed., p. 125, 1980). This procedure has been modified
e present application, so that commercially-prepared unknowns can be used. The spectrophotometer is interfaced with a microcomputer for
ng and manipulation of the absorbance-concentration data. The experiment not only provides an example of microcomputer application and
s to eliminate human error in data acquisition, but allows performance of repetitive tasks which are nearly impossible by hand.
The student needs no computer capability, since the entire procedure is screen-prompted. The following are features of the experimental procedure:

t

1)
2)
3)
4)
5)

The computer accepts absorbance data for each standard solution 100 times, averages the readings then presents the average to the
student. This alleviates the indecision some students have when reading a needle that sometimes flickers.
Solution concentrations are entered following each averaging, with the values entered based on student preparation of solutions of
ferrous ammonium sulfate.
When all known solutions are completed, the computer gives a screen which lists the concentrations of the solutions provided, the
absorbance value on the best-fit line for those concentrations, and the slope and intercept of the best-fit line.
Best-fit and raw data points are then screen-graphed. This shows the scatter of the student's data and allows immediate judgment of
the necessity for repetition of the work.
The student then reads any number of unknowns and the computer calculates their ironconcentration from the least-square slope and
intercept values.

With the computer-based procedure, no significant improvement in accuracy was noted, as compared to classes that took data by hand (Hoyt,
Unpublished Data, 1982). There have been significant improvements in speed (or spectrophotometer use-time), calculation accuracy (particularly
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ineliminating tedious least-square manipulations), and ease of making judgments about reliability ofdata. Student reaction has been enthusiastic
but some effort must be expended by instructional personnel to prevent rote manipulation of"black boxes" and permit understanding of the logic
involved.
The spectrophotometer used is the B &L Spectronic 70, although the ubiquitous Spectronic 20 is interchangeable. Any of a number of similar
digital or non-digital instruments could be adapted with the proper interfacing arrangement. The interface used is one of several built during an
annual workshop on microcomputer interfacing (Wisman, Chemistry Department, University of Arkansas, Fayetteville, AR 72701 . Circuit used
with permission.) The program requires 6K on the 4032-N PET microcomputer. The program runs on both new (4.0) and older (2.0) RAM in
PET BASIC. The 301 lines (58 comments) in the program are capable of being greatly reduced, but are presented so as to permit modification
and ease of understanding. Transfer to other brands of microcomputer would require modification of the graphics portion of the program, as
well as some changes in the interface adapter. The program is written for the small-screen PET, but minimal changes would accommodate the
new 12" (80 column) screen. The modified Day/Underwood experiment, a schematic of the interface, a program listing, and a sample execution
are available from the author.
A. M. HOYT,JR., Chemistry Department, University of Central Arkansas, Conway, AR 72032.

AQUATIC MACROINVERTEBRATES OF THE HIATTPRAIRIE REGION, FRANKLINCOUNTY, ARKANSAS
At one time significant disjunct expanses of natural grassland or prairie occurred in all quarters of Arkansas. These were predominantly
tall grass prairies with scattered areas of wetlands or marsh. Most have been destroyed by agricultural practices (Ark.Dept. Planning, 1974). Only
two prairie tracts remain in Arkansas that are associated with permanent water. One of these is Hiatt Prairie. Little work has been done on the
aquatic macroinvertebrates of prairie-associated streams in Arkansas. It was the primary intent of this study to establish a species list of aquatic

:

i.

macroinvertebrates

for the Hiatt Prairie

region.

Hiatt Prairie is located 2 km NofCharleston inthe SW'/i S25, R29W, T8N, Franklin County, Arkansas. Hiatt Creek, formerly called Prairie
Creek, is a first order stream that meanders to the west across the Prairie, approximately 1 km. Recently beaver have invaded the area and caused
a drastic change instream flow. Six large beaver dams cross the stream channel at approximately 140 m intervals, and smaller dams are occasionally interspersed between them. As a result, the typically narrow, shallow stream has become deeper and more sluggish at the beaver pools
established behind each dam.
The main channel width varies from 0.9 to 2.4 m and the depth varies from 20 to 91 cm, dependent on the beaver dams. The substrate of
the channel is typified by silt several cm deep inareas of little current, whereas broken slate and rock predominate where the current is more rapid.
Compacted clay is typically found at each bend in the stream. Substrate in the beaver pools is characterized by a thick silt, augmented by detrital
material from the surrounding watershed.
An oval-shaped stock pond is located approximately 0.1 km NE of the St Hwy 217 bridge over Hiatt Creek. The pond was constructed in
the early 1900's and has maintained a supply of water since that time (Hiatt, pers. comiti.). During periods ofexcessive rainfall, the pond overflows
its east bank creating excellent habitat for aquatic macroinvertebrates in the surrounding grasses and low shrubs. Several kinds of aquatic vascular
plants abound in this low flooded area where the effect ofsiltation is minimal. The substrate within the normal boundaries of the pond consists
of a very deep layer of silt, with the complete absence of vegetation.
Thirty-four collections were made during 15 trips from 24 May 1980 to 21 February 1982. Seventeen collections were made from the stream
channel, 10 from the beaver pools and seven from the stock pond. Collections were made monthly from spring through fall and bi-monthlyduring
the winter. Temperature, pH and turbidity were measured on each sampling date. Dissolved oxygen, carbon dioxide and alkalinity were measured
only on the final trip. Chemical determinations were made by standard limnological methods. Aquatic macroinvertebrates were collected with an
aquatic dip net. The stream channel was sampled at approximately 20 pace intervals. Each microhabitat was sampled proportionately in the beaver
pools. The circumference and overflow area of the stock pond were sampled randomly, although dense silt accumulations were avoided. On each
tripan ultraviolet light was used for one hour after dusk to collect emerging adults. Dip net and ultraviolet light specimens were preserved in70%
ethanol. Adult Odonata were collected by aerial net, placed in paper triangles, and immersed inacetone for 18-24 hours. All specimens are housed
in the Arkansas State University Museum of Zoology (ASUMZ) Aquatic Macroinvertebrate Collection.
Physicochemical parameters of both the stream and stock pond were within the known limits of tolerance for freshwater organisms and
caused no visible detrimental effects. The aquatic macroinvertebrate fauna of the Hiatt Prairie region was quite diverse, with 138 taxa representing
18 orders, 55 families and 115 genera (Table). Of these, 126 taxa were collected in Hiatt Creek; 104 and 95 taxa in the beaver pools and channel,
respectively. Seventy-one taxa were collected from the stock pond. The three major zones had 42 taxa in common, while 31 taxa were shared by
the channel and beaver pools only, 15 taxa by the beaver pools and stock pond only, and five taxa by the channel and stock pond only. Seventeen
taxa were found in the channel only, 16 in the beaver pools only, and nine in the stock pond only. Coleoptera was the most diverse order with
representatives from eight families and 51 species. The most frequently collected orders were Isopoda, Coleoptera, Decapoda, Hemiptera,
Amphipoda, and Ephemeroptera, respectively. Most of the taxa are adapted to a variety ofhabitats and environmental conditions (Pennak, 1978).
The beaver activity has increased the diversity of aquatic macroinvertebrates in Hiatt Creek by increasing the diversity of microhabitats,
introducing instability, or a combination of the two. The beaver pools provide a greater range of water depth, current speed (absent to moderate),
and substrate types (paniculate organic matter to decomposing leaf litter). The beaver pools also have gradually sloping bottoms which are
conducive to the establishment of a greater variety and density of aquatic vegetation and associated fauna. During the study period the beaver
pools were inthe process of being established, and thus were areas of transition. Such transitions are marked by temporary instability. Increased
species diversity can result, as some new species willbe developing, others willbe at population peaks, and yet others willbe declining (Reed, 1978).
The aquatic macroinvertebrate fauna of the channel was qualitatively similar to that of the beaver pools, with 95 and 104 taxa, respectively.
Of these, 73 taxa were collected from both zones. Fewer taxa were collected from the channel than the beaver pools despite more intensive collection
in this zone (17 samples vs 10 from the beaver pools). In many areas of the channel the substrate was compacted clay, and the stream banks were
of vertical, eroded clay, providing littlesuitable habitat. Most ofthe taxa found in the channel only (e.g. Hagenius, Pycnopsyche, Stenelmis crenata)
are characteristically stream inhabitants (Needham and Westfall, 1955; Brown, 1976; Wiggins, 1977).
Aquatic macroinvertebrate diversity was least in the stock pond. This primarily resulted from the homogeneity of its silt substrate (Harrell,
1969). The fewest samples were taken from this zone, and this also reduced the number of taxa collected. Most taxa were obtained in the overflow
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Table. Aquatic macroinvertebrates collected from the channel (Ch),
beaver pools (BP), and stock pond (SP), Hiatt Prairie region, 24 May
,980 21 February 1982.

-

Ch

COBDIOIDEA
Paragordiut
OLICOCliAEIA

X
X

Erpobdella

X

HIRUDINEA

BP

SP

aolumella
obrusBQ Say
Menetue dilatatus (Could)
Fhysa gyrina Say

Chauliodea pectinicornia
SialiB

X
X
XXX
XXX
XXX
XXX

XXX
XXX
XXX
X
X

Rhewnatobates paloei

X

X
X

X

X

XXX

X
X
X
XXX
X
X

XXX
X

XXX
XXX
X

Hotoneata indiaa Llnra
Neoplea rwtana Drake and Chapman
Hiarovelia hinei Drake
Plecoptera

X
X
X

X
X
X
XXX
X

Taenionema
(Walsh)

Calopteryx maeulata (Beauvols)
Ananalagrion haatatum (Say)
Argia fimipennia violctcea (Hagen)
Argia tibialia (Rambur)
Enallagma baaidene Calvert
Enallagma civile Hagen
Enallagma divagana Selys
Enallagma aignatum Hagen
laahnura poaita (Hagen)
Hageniua breviatylue

X

Selys

Anax juniua Drury
Boyeria vinoaa Say
litheca prinaepa (Hagen)
elithemia eliaa Hagen
"rythemia aimplioioollia Say
•odorKi depldnatQ Rambur
ibellula ayanea Fabricius
ibellula inaeata Hagen
ibellula pulchella Drury
uohydeplax longipennia Burmeister
erithemis tenera Say
Plathemia lydia Drury

Coptotomua

venuatua

X

X

X

X

X

X

X

X

X

X
X

X

XXX
XXX

XXX
XXX

XXX

XXX
X
X
X
X
X
X
XXX
X
XXX
X

XXX

XXX
XXX
X
XXX
X
X
X

X

X
X

XXX
X
Guignot

(Say)

Cybiater fimbriolatua (Say)
Hydl'opoTnia
Hydroporua rufilabria Sharp
Hydrovatue puatulatua puatulatuB Melshelmer

X
X

X

X
X
XXX
X
X
X
X
X
X
X

Laocophilua faaaiatua rufue Melshelmer
Laacophilua piotua ineignie Sharp
Laccophilus pvoxintue proximue Say
NeobideeBUB
Thermoneatua baaillaria (Harris)

XXX

Stenelmia arenata (Say)
Dineutua aeaimilia (Kirby)

X
X
X

Dineutue emavginatus

X

(SayJ

Haliplue
Peltodytea dunavani Young
Peltodytee muticue (LeConte)
Peltodytea aexmaculatue Roberts
Cyphon
BerosuB
Cymbiodyta
Uibolocelue ouatua
Enochrua oohraceua
Hydroohara obtueata

X

XXX

(Serville)

X

X
X

x
X
XXX
X
X

X
X

X
X

X
X
XXX
X
X

x
XXX
X
X
X
X
X

X
(Gemmlnger and Harold)
(Melshelmer)

Helophorua

Ephenropt.r.

fluatuane
Rlibaetie
lie
Hexagenia limbata

Hypevodea
Liatronotue
Phytobiue
Aailiua fraternue Harris
Agabus diaintegratus (Crotch)
Bideaaonotua
Celino. anguatata Aube
Copelatua ohevrolati renovatua

X

X

Blatchley

X

X

Ilybiue
X

XXX

(Fabricius)

X
X

Coleoptera

X
X

Demlptera

Beloetoma fusciventre (Dufour)
•LethoceruB griaeue (Say)
Hesperoaorixa nitida (Fieber)
Palmaaorixa buenoi Abbott
Trichocorixa kama Sailer
Gelaatoaorue oaulatua oculatue
LimtoporuB aanaliculatuB (Say)

(Linnaeus)

Chewnatopsyche
Pyanopayche

X

paECVPODA

MuBCulium aecuria (Prime)
CRUSTACEA
Daphnia
lirceua garmani Hubrlcht and Mackin
Crangonyx graoilie Smith
Orconectea palmeri longirnanue (Faxon)
ProaambaruB aautua aautua (Girard)
Procombarua liberorxm Fltzpatrick
INSECTA
Collembola
iBotomurua paluatria (Muller)
Sminthuridea aquaticua (Bour.)

X
X

SP

Trlchoptera

X

X
X

lyimaea
iymnaea

BP

Megaloptera

X

PlacobdelU
ternaaia rivularisSay(Say)

GASTROPODA

Ch

Say

Hydroohua
HydrophiluB

x

X
X
XXX
X

XXX
X

*Neohydrophilua aaetua (Say)
PoracyrtiUB Bubaupreus (Say)
Phaenonotum exatriatwn (Say)
Tropiaternue blatchleyi blatahleyi D'Orch
Tropiaternua elliptioue (LeConte)
Tropiatet*nuB lateraliB nimbatus Say

natator D'Orch
Hydroaanthua ivicolor Say
SuphieelluB
Tropiaternua

Dlptera

XXX
X
X
X
X
X
X

XXX
X
X

X
X
X

X

X

x

Alluaudomyia
Palpomyia
Probezzia

XXX

Aedea vexane (Meigen)
Anopheles quadrvnaculatuB Say
Culex territana Walker
Culieeta inornate. Wllllst
Psorophora columbiae Dyer and Knab
Stratiomya

Chrysopa
Tabanua
Tipula
Bittaaomorpha clavipea

XXX
XXX
X
XXX

X
X
X

X
X
X

X

X

X

x
(Fabricius)

XXX
X

X
X

X

•Collected

by

black

light only

area, where the substrate was a fine paniculate organic material, with a dense accumulation of aquatic vegetation and interspersed algae. The faunal
composition was more similar to that of the beaver pools than that of the channel, having 57 and 47 taxa in common, respectively.
Jewell (1927) observed that the streams of Iowa, northern Missouri, and eastern Kansas and Nebraska, are not prairie streams, because their
valleys are wooded. Such streams are shaded in the summer and receive much organic allochthonous material from the watershed. In contrast,
prairie streams receive little organic allochthonous material and have a substrate composition of gravel, sand and clay. The streams of eastern
Kansas are transitional inthat their banks are wooded, but swift currents and periodic flooding remove organic deposits (Jewell, 1927). Basically,
Hiatt Creek is such a transitional stream, particularly in the channel zone.
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Neviusia alabamensis:

A PHYTOGEOGRAPHIC ANALYSIS

Neviusia alabamensis is an extremely rare plant endemic to only a few southeastern states. Arkansas has representative populations in three
Conway, Pope, and Newton (Fig.). Other identified populations are located in Alabama, where the species was first recognized, and
Missouri,
Tennessee, and Mississippi. In three states, Alabama, Arkansas, and Missouri, the genus is listed as an endangered species (Ayensu
in
and Defilips, 1978) and in the two remaining states it has just recently been discovered. The purpose of this paper are to describe the distribution
ofNeviusia alabamensis in Arkansas and to examine the physical environments in which the Arkansas species are found.
To develop a plant description of Neviusia alabamensis, 16 herbarium specimens were measured and published information was examined
(Chapman, 1897; Dean et al., 1973; Dean, 1961; Greene and Blomquist, 1953; Small, 1903; Lounsberry, 1901; Moldenke, 1949; Small, 1933; Steyermark,
1975). The physical environment was described in terms of soil, slope direction, slope percentage, solar exposure, and dominant vegetation. Soil
samples were taken from each of the ecosystems in Arkansas inwhich Neviusia alabamensis is found and soil nutrient, soil texture, and pH tests
were conducted. The soil was gathered from depths of 4 to 10cm at three different areas within each population and mixed before testing.
Neviusia alabamensis is a perennial shrub with numerous slender primary stems and short lateral branches. The bright green leaves (approximately 3cm X 4cm) are simple and alternating. The flowers are odorless and lack petals, however, the stamens are numerous (usually over 100)
and showy. Flowering may occur between March and May.
Neviusia alabamensis seems to be able to exist on relatively dry sites. Two of the populations, Conway and Newton Counties, are located
on southeast facing slopes, whereas the population in Pope County is located on a northwest facing slope (Table). The percentage of the slope
varied a great deal among the populations. The slope in Conway County was the greatest, 80%, and the slope in Newton County was the least,
35%. It would seem that the Conway County population would be much drier as a result of the steeper slope. However, the soil at Newton County
was very sandy. These two populations may be approximately equal in what seems to be the most critical factor, soil moisture.

counties:

Table. Comparison of the physical environments in which Neviusia
alabamensis exists. The soil nutrients are given in kilograms per hectare.

•

Slope

Direction

155°

325° NW

120-135°

Slope

Percentage

805!

65Z

35*

Size of Population

80m X 10m

15m X 40m

270m X 15m

Nitrogen

0

0

0

Phosphorus

34-«

34-45

5

Potassium

135

135

90-100

pH

6.0

6.2

6.8

Texture

Loamy

sand
Sandy loam

Sandy grit

SE

sand

Loamy

SE

Figure. The three Arkansas counties in which Neviusia alabamensis is
found.
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In Pope County there was a semi-closed canopy, whereas the other two sites had a few scattered trees, mainly at the edges of the population.
received more moisture than the other two populations because of a cliff which drips water down onto it after rainfalls. It would
This population
was competing
a lso seem to have reduced evaporation rates due to less soil radiation because of slope location. Atthis site Callicarpa americana danger
of being
with the Neviusia alabamensis and was expanding more rapidly. This population ofNeviusia alabamensis appeared to be inmore
It was also the smallest of the three populations and the least dense.
overrun than the other two populations.
County
largest
Arkansas population ofNeviusia
was located next to a small stream one to two meters wide. This
The population inNewton
found on the adjacent bank. This could be a result of
alabamensis was found growing along the southeast side of a stream, but no plants wereslope.
capable of reproducing by seeds,
ofnorth
and
south
and
that
there
the
north
Ifthe
slopes
species
was
more
moisture
on
was
the difference
a small stream would not be a barrier. If,however, the species was onlycapable of reproducing by root sprouts, the stream could halt its spreading.
The soils when tested showed no available nitrates, indicating that any nitrates had been incorporated into the biomass. Most soils, especially
uncultivated soils, usually contain very small amounts of available nitrates (LaMotte, 1977). Therefore, these results could have been expected
and may not be a limiting factor to the Neviusia alabamensis population.
The populations located at Pope and Conway Counties contained approximately 34-45kg of phosphorus per hectare, while the population
at Newton County contained only5kg per hectare. This difference correlates with the limestone substrate at the Newton County site in that on
limestone soil phosphorus is generally limited. The other two populations contained an adequate supply of phosphorus, and growth may not be
limited, but the Newton County site is low in this nutrient (Table).
The soils obtained from the Pope and Conway County populations were found to contain approximately 135kg of potassium per hectare,
whereas, the Newton County population contained between 90 and 100kg per hectare. The plants in these areas should not vary due to the
difference in the amount of potassium because normally plants cannot utilize more than 90kg of potassium per hectare (LaMotte, 1977).
The Conway and Pope County populations were growing on soil that had the optimum pH for nutrient absorption. The pH of the soil at

Newton County was slightly higher due to the fact that it was on limestone, however, it would likelyhave an adequate absorption rate because
it is still close to the optimum range.
The soils at Conway and Pope Counties were loamy sand and loamy sand to sandy loam respectively. The soil at Newton County, however,
was a sandy grit and, therefore, much coarser than the other two soils. The soil would be expected to be drier than the other populations and
contain smaller quantities of the soil nutrients due to the greater amount of leaching and lack of clay. Further testing would be required before
it could be determined ifthere is a deficiency of phosphorus or potassium at any of the study sites.
The populations ofNeviusia alabamensis were found to be growing inthree distinguishable habitats. At least two out of three of the habitats
were similar foreach of the factors which were examined in the paper, however, the same two were not consistently similar. In general, there were
more discrepancies than one might have expected.
The three populations are isolated from each other and probably have been for a number of years. They are separated from each other by
a number of kilometers and physical barriers such as separate water sheds and dissected foothills in the Ozark Mountains. Since the gene pool
of one population is not mixed with the gene pools of the other populations it would be possible for the species to accumulate different genetic
changes. Whether there has been enough time for genetically different populations to arise cannot be determined by this study, but this could be
one explanation for the ability of the Neviusia to exist in differing sites.
Further research is required to determine if there is inter-site variation not onlyin the Arkansas populations, but in all of the populations
ofNeviusia alabamensis. Research should be conducted on the physical environments ofall of the populations inorder to determine the best physical
environment for the species. At present, there are only a few general assumptions which could be made about the most favorable ecosystem for
the species. It seems to only be found above stream banks in generally dry soils. Itis not possible from the research in this paper to describe the
optimum physical environment for Neviusia alabamensis or make any definite conclusions of the effect of the physical environment upon the species.
EXSICCATAE

The

following herbarium specimens were used in obtaining

information for the

species description. The specimens are all from Arkansas

and selected from sixteen sheets

Arkansas:

Conway Co:

Newton Co:
Pope Co:
Washington

Co:

DeMaree 20, 30 (UARK)
Moore 55-26, 56-26, 55-63 (UARK)
Rettig 365 (UARK)
Tucker 63-047 (ATU)
Smith 3116 (UARK)
Field 010461 (ATU)
Lewis 010459 (ATU)

Moore 55-72

63-047 (ATU)

(UARK)
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ALICE A. LONG, Departments of Geography and Biology, University ofCentral Arkansas, Cony/ay, AR 72032.

BRYOPHYTE-LICHEN COMMUNITIES WITHIN HOT SPRINGS NATIONALPARK, ARKANSAS I.
The vegetation within Hot Springs National Park consists of varied forest communities (Dale, E. E., Jr., and M.R. Watts 1980. Vegetation
of Hot Springs National Park, Arkansas. Prep, for S.W. Region National Park Service, U.S. Dept. Interior). These communities include mesic
stands of upland hardwood, xeric pine-oak-hickory stands, oak-hickory-pine stands which are subtypes on the xeric side, and short-leaf pine-white
oak stands which are subtypes on the mesic side. The most mesic types within the park, however, are the mixed forest types in the upland ravines.
In this study, field work included variable-point sampling of these forest stands along the forest trails within the park so that the stands could
be compared with the work done by Dale and Watts.
Sampling techniques for the microcommunities of lichens and bryophytes varied among sites, but always included collections from rocks,
soil, fallen logs, and standing trees. A total ofalmost 1800 collections was made during the summer and fallof 1981 . Identification of these samples
is nearing completion.
The present study has identified 49 mosses and 66 lichens from within the boundaries ofHot Springs National Park. Previous studies within
the park had included onlyspecies of mosses (Lowe, R. L.1919. Collecting in Arkansas. The Bryologist 22[1]:14-15; Scully, F. J. 1941 The Mosses
ofHot Springs National Park and Vicinity. The Bryologist 44[5]: 125-128). New state records from this study include two liverworts: Jamesoniella
autumnalis inthe Jungermanniaceae and Calypogeja muelleriana inthe Calypogejaceae; one moss: Anacamptodon splachnoides in the Fabroniaceae;
and one lichen: Coccocarpia palmicola in Coccocarpiaceae.
This research was supported by a grant from the Hot Springs National Park Service and was facilitated by a sabbatical
semester for the senior author in the fall of 1981 from the University of Central Arkansas.

.

JEWEL E. MOORE, BiologyDepartment, University ofCentral Arkansas, Conway, AR 72032, and STEVE L. TIMME,Department of Botany
and Bacteriology, University of Arkansas, Fayetteville, AR 72701.

CURATORIAL NOTES FROM THE CRYPTOGAMIC HERBARIUM
AT THE UNIVERSITYOF CENTRAL ARKANSAS
The Cryptogamic Herbarium at the University of Central Arkansas, Conway, is used for teaching and research and has been selected by
Mycological Society to house voucher specimens for Arkansas mushrooms collected by A M S members. These fungi
are thoroughly dried and placed inclear plastic, zip-lock bags which can easily be sealed and reopened; complete labels for each are placed in/on
the bags. These have been filed in the herbarium according to the checklist of mushrooms being published in Arkansas Biota, 1983 (No.37). It
has been helpful to eliminate larvae and adult beetles found in some of the persistent fungi and fleshy mushrooms by a short treatment in the
microwave oven before the drying is completed in the conventional laboratory oven. The microwave oven treatment usually kills the larvae and
the adults willleave the specimen.
Lichens and bryophytes are often packaged inclear, plastic packets and are fastened to herbarium sheets, with the label immediately under
the plastic packet. Others are packaged in the traditional manner, withcomplete label on the outside of the paper packet. Packets are then glued
to standard herbarium sheets and placed in folders for protection. Still other specimens are housed in the conventional small boxes. The Flora
A. Haas liverwort-hornwort collection remains in the box in which she kept it. Her collection does not contain any Arkansas specimens but is
still a vaulable addition to the herbarium. Collections she had of Arkansas bryophytes were discarded (due to no identification label being placed
on the large box in which it had been stored) in a clean-up of the department about 1955. The Haas collection includes specimens collected by
L. W. Underwood, W. A.Evans, C. C. Hayes, and Nellie Fosdick dating from 1888 to 1919. However, the earliest collection was a leafy liverwort
collected in Cuba in 1879. Places of collection include Puerto Rico, Hawaii, Cuba, Jamaica, California, Florida, New Hampshire, and several
other states.
An important addition to the vascular cryptogam section of the herbarium is the collection of Pteridophyta made by the late Aileen McWilliam
of Mena, Arkansas. Some of her specimen sheets of Arkansas ferns indicate sites where the ferns can no longer be found, because the habitats
have been so thoroughly changed (Moore, J. E. 1982).
In addition to the storage of specimens for study, itis part of the function of the herbarium curator to publish checklists of plants for the
region served. In this respect, checklists of Arkansas lichens (1981), hornworts and liverworts (1983), and mushrooms (1983) have been published
inthe Arkansas Biota under the auspices of the UCA Cryptogamic Herbarium (Nos. 30, 36, and 37). The checklist of Arkansas mosses will be
published in 1984. The checklist of Arkansas Peridophytes by Dwight M. Moore was published in the Arkansas Biota in 1977 (No. 1).
Distribution maps for specimens in the herbarium are placed within each folder. Reprints of articles dealing with the Arkansas plants are
available in the herbarium library.

officers of the Arkansas
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of Sci., Ark. Biota Survey Checklist No. 30. 15 pp.
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MOORE, J. E. 1981.

Key to Arkansas

Lichens. Available from

Cryptogamic Herbarium, Univ. Central Ark., Conway.

JEWEL E. MOORE,

BiologyDepartment, University

MOORE, J. E. 1982. The Ferns of Arkansas. Available from
Cryptogamic Herbarium, Univ. Central Ark., Conway.
MOORE, J. E., and E. B. WITTLAKE.1983. Checklist of Hornworts
and Liverworts ofArkansas. Ark. Acad. of Sci., Ark.Biota Survey
Checklist No. 36. 7 pp.

of Central Arkansas,

Conway, AR 72032.

THE DEVELOPMENT OF TISSUE CULTURE SYSTEMS FOR THE
EVALUATIONOF CANCER CHEMOTHERAPEUTIC AGENTS
The use of tissue culture (TC), especially in tandem with in vivo systems, has certain potential advantages in the evaluation of cancer
chemotherapeutic agents (CCA). First, much of the data produced by in vivo systems can be derived from TC. Second, TC is in the long run
potentially less expensive than in vivosystems. Third, certain data derived from TC systems appear to point the way to more correct dosage regimens
for 5-fluorouracil, which has apparently been used incorrectly for years (Calabro-Jones et al., Cancer Res. 42:4413-4420, 1982). Fourth, the
potential exists that cultures of human tumors may in the future be useful in the determination of the sensitivity of these tumors to certain CCA
or combinations thereof. Finally, TC techniques interphase with certain important current techniques; i.e., monoclonal antibody production, targeted
cancer chemotherapy and genetic engineering. The material presented here is a preliminary study of the effects of Cisplatin and one ofits isomers
on the cell line 253-J, a human multiple transitional cell carcinoma derived from the urinary tract by Elliot (Elliot et al., J. Natl. Cancer Inst.,
53:1341-1349, 1974). Cells were obtained from Dr. Ralph dayman, University of Minnesota; Department of Urologic Surgery, Minneapolis, Minnesota.
Stock cell cultures were grown at 37 C as monolayers in75cm 2 tissue culture flasks containing RPMI 1640 medium (Grand Island Biological
Co., Grand Island, New York), supplemented with 15% newborn calf serum, 10% tryptose phosphate broth, 0.3 units/ml of bovine insulin, 5
pM glutamine, and 100 units/ml each of penicillin and streptomycin. For experiments, 2.0-5.0 x 10' cells/25 sq cm flask were seeded into the
completed growth medium and incubated at 37 °C for 16-24 hrs before the start of an experiment.
In drug experiments, stock solutions (500 wM) of the platinum compounds obtained from the National Cancer Institute, were prepared in
complete growth medium by stirring the mixture at 37 °C for 30 min. The culture medium was removed from the flasks before treatment and the
cells were treated at 37 °C for 2 hrs by adding the appropriate concentration of drug in 5.0 ml of complete growth medium. The drug treatment
was terminated by the removal of the drug containing medium. The cells were washed once with Puck's Saline A followed by the addition of fresh
C

medium to the cultures.
Growth studies were carried out in the following manner: Asynchronous cells were treated with the platinum compounds during the
exponential phase of growth and were allowed to proliferate for at least 3 population doublings after drug treatment. Cells were harvested by
trypsinization with a solution of0.25% trypsin and 0.02% sodium EDTAin calcium and magnesium free Puck's Saline A, and counted ina Model
ZBICoulter Counter (Coulter Electronics, Hialeah, Florida). The inhibition of growth was measured by calculating the ratio between the number
of cells in treated cultures and those in the untreated cultures run in parallel.
The cell doubling time was determined beginning 16-24 hrs after plating. An initial count was taken to determine the zero time point. Thereafter,
cell counts were taken at 24 hr intervals over a period of 5-6 days.
growth kinetics of 253-J cells are presented in Figure 1. The effect of the addition of increasing concentrations of Cisplatin isomers is
nted in Figure 2. The effects of the Cisplatin isomers are similar to those obtained by other researchers with different cell lines (Drewinko,
, Cancer Res., 33:3091, 1973; Zwelling, et al., Cancer Res., 39:365-369, 1979). These curves appear to be simple exponential types which

tThe

Figure 1. Growth of 253-J cells. Cells seeded into complete growth
medium 16-24 hrs before the initiation of experiment. Counts were
determined at 24-hr intervals over a period of six days. Each measurement was in duplicate. This figure is the result of three experiments.

Figure 2.The effect ofCis- and Trans-Dichloroammineplatinum IIupon
the proliferation of253-J cells. Asynchronous cells inthe exponential
growth phase were treated for 2 hrs at 37 °C with increasing drug
concentrations. The rest of the protocol is found under methods. Each
measurement was done in triplicate and the results are the mean of three
experiments.
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are generally seen with alkylatingagents or agents which intercalate with DNA(Drewinko, et al., Cancer Res. 33:3091, 1973). This particular
line
of cells appears somewhat less sensitive to Cisplatin than the lymphoma cells used by Drewinko, Brown and Gottleib (Cancer Res., 33:3091, 1973)
however, variations in sensitivity among different cell lines are common occurrences.
The cis-isomer of Cisplatin was about 50-60 times more toxic than the trans-isomer, a phenomenon which has been noted by other workers
(Zwelling, et al., Cancer Res., 39:365-369, 1979). This phenomenon is only partially understood. Both agents cause extensive DNA-protein
cross
linkage and intra- and interstrand DNAcross linkage, however, the degree ofinterstrand cross linkage more closely correlated with cytotoxicity
The trans-isomer is actually more mutagenic. The mechanism of the specificity forcertain tumors which alkylating agents such as Cisplatin display
is not understood inview of the wide spectrum of reactions in which these compounds take part. It would appear that the platinum coordination
compounds as alkylating agents, must react with very specific sites to produce their characteristic effects.
CLIFTON ORR, JOSEPH E. STONE, and MAXINEL. POLK, Department
Arkansas for Medical Sciences, Little Rock, AR 72205.

0/ Pharmacology and Interdisciplinary
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FIRST HOST PLANT RECORDS FOR Chelysomidea guttata (HERRICH-SCHAEFFER)
(HEMIPTERA:SCUTELLERIDAE), WITH NOTES ON THE BIOLOGY AND DISTRIBUTION
Chelysomidea is primarily a tropical-subtropical genus distributed from the southern United States through Mexico, Central America, and
into South America. As with most genera of Scutelleridae, little work has been done with Chelysomidea aside from species descriptions. The
purpose of this paper is to report host plant data and new information concerning the biology of C. guttata.
C. guttata has been collected from the southern parts of Louisiana, Mississippi, Alabama, and Georgia; throughout Florida; and from eastern
North and South Carolina. One other species in this genus, C. stictica (Dallas), is known to occur in the United States from a small area in the
vicinity of Brownsville, Texas, which is thought to be the northern limits ofits range (Lattin, The Scutellerinae of America north of Mexico
(Hemiptera:Heteroptera:Pentatomidae),
Unpubl. Ph.D. dissertation, p. 350, 1964).
Blatchley (Heteroptera or true bugs of eastern North America with especial reference to faunas of Indiana and Florida, p. 1116, 1926) reported
C. guttata being collected from Ipomoea pes-caprae (Roth) and scrub oak in Florida. Lattin (1964) reported collecting the species from Kosteletzkya
virginica (L.) in South Carolina and from Althaea rosea (Cav.) in Florida. No feeding activity for C. guttata has previously been reported.
Adults and late nymphal instars were observed feeding on Croton capitatus (Michx.) and C. glandulosus (L.) in September of 1982 in
Choctaw County, Alabama and Covington County, Mississippi. Allfive nymphal instars as well as adults were found on all parts ofCroton but
mainly in groups on the flowering portion of the plants. Gregarious adults and late nymphal instars were also observed.
Several liveadults and nymphs were collected from C. capitatus and C. glandulosus and brought back to the laboratory for rearing. Different
stages of nymphal instars were separated and put in pint mason jars with screen tops. Field collected adults were sexed and placed in mason jars,
two pairs per jar. Nymphal instars and adults were first fed fresh green beans and raw peanuts. McPherson (The Pentatomoidea [Hemiptera] of
northeastern North America with emphasis on the fauna of Illinois, p. 240, 1982) reviewed the literature concerning lab rearing practices for the
Pentatomoidea. A high mortality rate occurred within the first month of rearing. In an effort to reduce high mortality, C. capitatus, which is
abundant in northeastern Arkansas, was collected and placed inthe mason jars in lieu of green beans and peanuts. The insects fed on flowering
portions of C. capitatus which were clipped and placed insmall test tubes filled with water. Cotton was used to plug the openings of the test tubes.
Food along with paper towellingwas replaced three times a week or as necessary. All jars were washed once a week. Specimens were incubated
at 25 ± 1°C, 12:12 LD photoperiod and ambient humidity.
The purpose of rearing efforts was to determine the length of the development of the insect, from egg to adult stage, and to determine the
length ofeach individual instar. This part of our study was not completed due to the highmortality rate which occurred withinthe first month of rearing.
A pair ofinsects was observed mating on January 3, 1983, but as yet no eggs have been deposited. Further collections of C. guttata will
be made in order to continue the study into the life cycle of this insect.

JULIA L. REIDand HARVEYE. BARTON, Department of Biological Sciences, Arkansas State University, State University, AR 72467.

FIRST REPORT OF BRAZILIANFREE-TAILED BAT MATERNITY COLONIES INARKANSAS

Three maternity colonies of the Brazilian free-tailed bat (Molossidae: Tadarida brasiliensis cynocephala) have been found in central
Arkansas. Previously reported records of Tadarida in Arkansas are of individual specimens collected from Ashley, Hempstead and Pulaski
counties, either roosting singly or in maternity colonies of the evening bat, Nycticeius humeralis (Sealander, A guide to Arkansas mammals, pp.
99-102, 1979; Sealander and Price, J. Mamm., 45:152, 1964).
On July 28, 1982 we investigated a reported bat infestation in the attic of an old two story apartment buildingin downtown Hot Springs,
Garland County. The colony was estimated to have contained 100 individuals. Forty-two bats were captured, examined and released. Six of the
bats captured were volant juvenile Tadarida and three were volant juvenile Nycticeius. Juvenile status was determined by non-closure of the epiphyses
of the third and fourth digits. Allbats were roosting on the west wall of the attic at the ceiling joist/rafter junction, rendering them extremely
difficult to capture. When a light was shone in this area, many of the bats moved outside the attic proper and roosted behind an exterior facer
board. It was from behind this facer board that most of the bats launched themselves into flight when initiating their nightly foraging activities.
During January, 1983, a check of this roost revealed a portion of the colony used the attic as overwintering quarters.
The second maternity site was found in the attic of an old dormitory buildingon the campus ofCentral Baptist College inConway, Faulkner
County, during October, 1982 and represents the northern most distribution of Tadarida reported in Arkansas. The colony numbered several
hundred individuals and used a 30 centimeter wide air space between a double brick wall and the ceiling joist/rafter junction at the edge of the
attic for roosting. Similar roosting sites were selected by Tadarida in Louisiana (LaVal, Am. Midi. Nat., 89:112-120, 1973). Both of these roosting
sites were located on the west side of the building and warmed considerably during afternoon hours. Judging from the guano that has accumulated
to a depth of over 30 centimeters in places, the colony had probably inhabited the attic for a number of years. Verification of this roost as a
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maternity site was accomplished by sifting through guano piles and recovering skeletal and mummified remains of juvenile Tadarida during the

fall of 1982.
Several hundred newborn Tadarida, many with umbilicus still attached, were observed and voucher specimens collected in June, 1983 (specimens
deposited in UALRMZ). The colony shared its maternity and hibernating quarters with approximately 500 (October estimate) big brown bats,
Eptesicus fuscus. Eptesicus roosted near the apex of the attic or high up on the sloping rafters in more open areas, segregating themselves from
the free-tails. However, in both October, 1982 and March, 1983, several Eptesicus and Tadarida were observed roosting side by side on rafters
halfway between the two colonies and during the maternity period juveniles and adults of both species often shared roosting sites. Apparently
Eptesicus has occupied these same areas of the attic during maternity periods as skeletal remains of juveniles and adults littered the manure piles
below. Mixed roosting of these two species in man-made structures has been reported as a common occurrence from the western states according to
Barbour and Davis (Bats of America, p. 209, 1969).
The third maternity site was located inthe old lion house of the Little Rock Zoo in Pulaski county. The exact size of the colony was unknown,
but Zoo personnel reported the accumulation of dislodged juveniles on the floor of the building as a daily occurrence during the pre-volant
maternity period. Roosting sites selected by this colony were similar to those previously described. A portion of the colony overwintered in the
building as evidenced by the capture ofadult females inmist nets which had been set up to remove sparrows from the building in February, 1983
(pers. comm., Bob Cooper, Zoo Director).
The close proximity of this colony to the University of Arkansas Medical Science campus probably explains the 1962 occurrence of an adult
female Tadarida captured while roosting on the latticework of a research building (Sealander and Price, 1964).
The presence of these colonies have resulted in two additional county distribution records (Faulkner and Garland), firmly established the
species as a resident mammal and extended the known northern distribution of the bat approximately 40 kilometers within the state.
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ZOOPLANKTON POPULATION STRUCTURE IN THREE RESERVOIRS
NEAR THE OUACHITA MOUNTAIN GULF COASTAL PLAIN INTERFACE
Zooplankton are important food for young-of-the-year and certain adult fish and may serve as an indicator of trophic status (McNaught,
Verh, int. Ver. Limnol. 19:724-731, 1975). In1979, the National Reservoir Research Program and the Waterways Experiment Station of the U.S.
ArmyCorps of Engineers conducted a cooperative study of the effects ofreservoir operations on tailwater environments. The study included seasonal
measurements of water quality and zooplankton populations in three reservoirs (Pine Creek Lake, Oklahoma; and Gillham and Greeson Lakes,

lakes are in different river drainages near the interface of the Ouachita Mountains and the Gulf Coastal Plain physiographic provinces.
Creek and Gillham Lakes are multi-purpose, flood control impoundments in the Little River system. Pine Creek Lake (2,023 ha) is a mainstem
foir on the Little River in southeast Oklahoma; Gillham Lake (554 ha) impounds the Cossatot River in southwest Arkansas; and Lake Greeson
0 ha), is a Corps of Engineers hydroelectric project on the LittleMissouri River in the Ouachita River basin in west central Arkansas. Selected
cochemical characteristics of the three lakes include low conductivity (34-52 umhos/cm), low alkalinity (6-13 mg/1 as CaCOj), and nearly
al pH (ca. 6.5).
1979, zooplankton densities were estimated for Pine Creek Lake from April through November, for Gillham Lake from June through
ber, and for Lake Greeson from May through October. Vertical tows at depths of 15-10 m, 10-5 m, and 5-0 m were made with an 0.08-mm
,0.3-m closing net. Samples were immediately preserved in 3% formalin. Two 1-ml subsamples were later placed in a Sedgwick-Rafter
ting cell where all organisms were identified and counted. Dry weight biomass estimates (from the upper stratum) were calculated by regression
lions (Dumont et al., Oecologie 19:75-97, 1975). Cladocera and Rotifera (except Conochilidae) were identified to species, and Copepoda were
ified to suborder. Allestimates were expanded to number and milligrams per cubic meter.
rosea, D. catawba, Leydigia quadrangularis, and Synchaeta sp. were found only in Gillham Lake, where a total of 12 species of
•cerans and 17 species of rotifers were collected. Daphnia galeata mendotae and Keratella americana were collected only in Lake Greeson,
e 9 cladoceran and 17 rotifer species were identified. Nine cladoceran and 18 rotifer species were found inPine Creek Lake. Copepoda ranked
in density throughout the study period (Table); however, comparisons of the copepod suborders (Calanoida and Cyclopoida) to the cladoceran
otifer genera were not considered valid, and relationships were not analyzed. Chaoborus appeared in zooplankton collections from all three
voirs.
Zooplankton densities in the upper stratum of Pine Creek Lake peaked in spring and early summer (Figure). Conochilidae were the most
idant zooplankters throughout the sampling period (Table), and composed over 50% of the population during Apriland July. However, Daphnia
ula (23%) and Holopedium amazonicum (29%) were responsible for the greatest biomass in Apriland July, respectively.
Population densities of rotifers, copepods, and cladocerans peaked in the upper stratum of Gillham Lake simultaneously in July. The
lations progressively decreased through the fall. Conochilidae and Kellicottia bostoniensis were the most abundant zooplankters (Table).
oedium amazonicum composed the greatest mean biomass, although itdominated the biomass (65%) onlyin June. Hexarthra mira, Ceriodaphnia
and Daphnia ambigua and D. Laevis contributed the greatest biomass in July, September, and October, respectively.
In Lake Greeson, the copepods peaked in May, rotifers in July, and cladocerans in September. Total zooplankton densities were highest
biomass lowest in the upper stratum during July (Figure), when Collotheca sp. made up 90% of the total density and 44% of the total biomass.
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Table. Order of abundance of zooplankton ranked from 1-20, 1-21,
and 1-19 respectively, from the upper strata (0-5 m) in Pine Creek Lake,
Oklahoma, and Gillham and Greeson Lakes, Arkansas, 1979.

Cladocera
longirostris (O.F. Muller)
Cerlodaphnia spp.
Chydorus sphaerlcus (O.F. Muller)
Daphnia ambijjua Scourfield
I), catawba
Coker
D. galeata mendotae BIrge

9
16
20
13

5
8
21
14

D. laevls Birgel
D. parvula Fordyce
Diaphanosoma leuchtenberfiianum
Fisher
Holopedlum amazonicum
Stingelin

17
8
14

17
16
10
12

17
8
16

+
+
+

+
+
+

+
+
+

Bosmina

4
18
13
14
15

Copepoda
Calanoida
Cyclopoida
Nauplii

Rocifera
Asplanchna priodonta Gosse
Branchlonus sp.
Collotheca sp.
Conochllidae
Fillnia longiseta Ehrenbers
Gastropus styllfer Imhol
Hexarthra mlra (Hudson)
Kellicottis boston lens is Rousselet
Karatella spp.
Platylas quadricornls
(Ehrenberg)
Ploesoma sp.
Polyarthra euryptera
(Wlerzejskl)
Trlchocerca cyllndrlea (Imhof)
(Wierzejski et Zach.)
T. capucina

'Not

verified

+ - Abundant

10
13
6
15
18
116
1
112
18
20
5
19
12
6
4
9
2
2
11
3
3
4
21
20
11
19
4
7
3
12
8
7
18
15
10

APR MAY
but

not

ranked

JUN

JUL

AUG

SEP

OCT

NOV

Figure. Total zooplankton abundance and dry weight biomass from
the upper stratum (0-5 m) inPine Creek Lake, Oklahoma, and Gillham
and Greeson Lakes, Arkansas, 1979.

Food availability, as a function of particle size, appeared to regulate the zooplankton community structure in Pine Creek and Gillham Lakes.
These reservoirs, from the western sections of the Ouachita Mountains, contain higher amounts of total organic carbon due to greater amounts
of allochtonous materials, possibly from land use and soil types (J. Nix, Ouachita Baptist University, personal communication). Furthermore,
zooplankton species composition was more closely related and population abundance and biomass estimates were higher in Pine Creek and Gillham
Lakes than in Lake Greeson. However, fluctuations in zooplankton abundance were similar in Gillham and Greeson lakes, even though changes
in the rotifer populations resulted in an inverse relationship of the biomass estimates between the two reservoirs (Figure). Lake Greeson, the least
eutrophic of the three lakes, had cladoceran populations that were indicative of communities found at low nutrient concentrations, where according
to Porter (Amer. Sci. 65:159-170, 1977), small species or species with high surface to volume ratios may be abundant.
STEPHEN B. SMITH'and THOMAS E. MOEN, U. S. Fish and Wildlife Service, Multi-Outlet Reservoir Studies, Arkadelpttia, AR 71923.
'Present address:
Wildlife Service.

Great Lakes Fishery Laboratory, Ann Arbor, MI 48105. Contribution 597, Great Lakes Fishery Laboratory, U.S. Fish and

NEW COUNTY AND STATE RECORDS OF MOSSES FROM ARKANSAS

been collected in Arkansas by only a few individuals. Although much is known about the distribution of bryophytes in
the Ozark region of Arkansas (Wittlake, 1950b; Redfearn, 1964, 1966, 1968, 1970, 1972, 1979), little information is available for other regions
of the state (Lowe, 1919; Scully, 1941; Moore, 1964). Wittlake (1950a) reviewed the early work concerning bryophytes of Arkansas. This paper
reports new county and state records of bryophytes from Arkansas.
Most of the new county records are from collections stored at the University of Arkansas, Fayetteville, and were made by E. B. Wittlake
between 1948 and 1951. These collections are currently being processed into modern storage facilities.
As a result of specimens processed thus far, 28 new county records are represented in Wittlake's (EBW) collection. Collections made by the
second author (JEM) at Hot Springs National Park, Garland County represented five additional county records. Voucher specimens have been
deposited at the University of Central Arkansas herbarium. Finally, three county records are from collections made by the senior author (SLT)
and have been deposited at the University of Arkansas, Fayetteville herbarium.
Bryophytes have
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Nomenclature for the taxa reported below follow Crum and Anderson (1981). Collectors' initials are in parentheses
or counties the specimens were collected from.

Amblystegium

following the county

hparium (Hedw.) BSG. Garland (JEM).

Arkansas (EBW).
Anotnodon minor (Hedw.) Furnr.
Poinsett and St. Francis
Aulacomnium heterostichum (Hedw.) BSG.(EBW).
Hedw. Crittenden
Bartramia pomiformis
(Sw.
Schwaegr.)
(EBW).

Bruchia flexuosa

(EBW).

C. M. Miller

ex

Bryum argenteum Hedw. Pulaski (EBW).
Bryumpseudotriquetrum (Hedw.) Gaertn., Meyer & Scherb. Hempstead (EBW).
Centodon purpureus (Hedw.) Brid. Stone and Washington (SLT).
Diphyscium foliosum (Hedw.) Mohr. Sharp (SLT).
Ditrichum pallidum (Hedw.) Hampe. Chicot, Clark, Crittenden, Howard, Marion, and Sevier (EBW).
Fissidens bushii (Card. & Ther.) Card &Ther. Garland (JEM).
Funaria hygrometrica Hedw. Chicot, Crittenden, Hempstead, Lincoln, Polk, and Sebastian (EBW)
Funaria flavicans Mx. Howard and Lincoln (EBW).
Leptobryum pyriforme (Hedw.) Wils. Garland (JEM).
Orthotrichum strangulatum P.-Beauv. Garland (JEM)
Pilonotis longiseta (Mx.) Britt. Pulaski (EBW).
Physcomitrium pyriforme (Hedw.) Hampe. Columbia, Howard, Lincoln, Logan, Mississippi, and Polk (EBW).
Plagiothecium cavifolium (Brid.) Iwats. Garland (JEM).

Two new state records are also represented. Sphagnum macrophyllum Bernh. ex Bird, was collected by Dr. P. L. Redfearn et al. in
Hempstead County. InNorth America this species is found in aquatic habitats in Newfoundland, Nova Scotia, New York to Florida and west
to Texas, including Tennessee. Venturiella sinensis (Vent, ex Rabh.) C. M. var. angustaannulata Griff.& Sharp was collected in Stone County
by the senior author. The location represents the taxon's most eastern distribution inNorth America. The species has been recorded from only three other
locations in North America, Texas (Bartram, 1934) and Oklahoma (Inkenberry, 1960; Redfearn, 1970).
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MOSQUITOFISH PRODUCTION INMONOCULTURE AND POLYCULTURE PONDS*
(Gambusia affinis, Baird and Girard) are playing an increasingly important role in mosquito-control programs across the
>n, due to increasing costs of insecticides, public pressure over environmental damage by insecticides, and the need for continuous mosquito
rolnear populated areas. Among reports on the use of mosquitofish as predators ofricefield mosquitoes are those of Horsfall, 1942; Fowler,
;Craven and Steelman, 1968; and Meisch and Coombes, 1974. Large numbers of mosquitofish will be necessary to achieve adequate control
wide areas (Hoy and Reed, 1970; Hoy et al., 1971, 1972; Davey et al., 1974). The intensive culture of mosquitofish in California has been
rted by Challet and Rohe, 1974; Challet et al., 1974; and Reynolds, 1975.
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Since 1972, mosquitofish have been tested as biological control agents against the dark ricefield mosquito (Psorophora columbiae, Dyar
Knab) in Arkansas (Meisch and Coombes, 1974). Mosquitofish readily adjust to the temperature extremes and reduced dissolved oxygen and
of ricefield water. It has been proved that mosquitofish are the most desirable fish for ricefields and also that they are effective predatorslevels
of
floodwater mosquitoes (Davey et al., 1976). However the major problem confronting use of mosquitofish as biological control agents has been
obtaining adequate supplies for seeding ricefields, ditches, pools, and ponds.
Because few commercial fish farms produce mosquitofish, most mosquito-control agencies must produce their own. Commercially produced
mosquitofish are extremely expensive, costing as much as $88 per kg. By contrast, considerable mosquitofish production occurs in
commercial
baitminnow ponds where they are considered a pest fishbecause they compete directly withminnows for food and space. These mosquitofish
presently being wasted. Additionally, they are difficult to separate from minnows during harvest and also present problems in holding are
tanks
Mosquitofish may be reared and harvested from catfish-production ponds with fewer problems than when reared withminnows (Newton et
al.
1977). Thus, they could be a desirable secondary income fish for catfish producers.
In1976, a cooperative program was initiated by fisheries biologists at the University of Arkansas at Pine Bluffand byentomologists at
the
University of Arkansas at Fayetteville. This project was aimed at developing and evaluating management techniques for producing mosquitofish.
From 1976 through 1978, mosquitofish were reared in polyculture systems under pond conditions with channel catfish (Ictalurus punctatus,
Rafinesque). Channel catfish fingerlings were stocked into three 0.1-ha ponds at 2470 fish/ha and fed at the rate of22.45 kg/ha and fed a floating
minnow meal. Allponds were completely harvested at the end of each year.
During 1979 and 1980, mosquitofish were produced in polyculture with catfish, bigmouth buffalo (Ictiobus cyprinellus, Valenciennes)
and
grass carp (Ctenopharyngodon idella, Valenciennes). Buffalo and grass carp were stocked at the rate of 247 and 30 fish/ha, respectively.
Catfish
at
fingerlings were again stocked the rate of2470 fish/ha and fed a sinking pelleted feed daily. However, in 1979-80 as well as insubsequent years,
mosquitofish were not fed separately. At the end of the 1979 growing season the mosquitofish were harvested, while the catfish were sampled
but remained in the ponds. At this time, catfish averaged 0.45 kg in weight. Mosquitofish were restocked the following spring (1980) at the rate
of 22.45 kg/ha. During 1980, catfish were fed a sinking pelleted feed only three days a week.
During the 1981 growing season, mosquitofish were reared in both polyculture and monoculture ponds. Catfish fingerlings were stocked at
4940 fish/ha and fed a floating pelleted ration five days a week. Mosquitofish were not fed separately.
Mosquitofish reared under monoculture conditions were fed a floating minnow meal fivedays a week, an amount approximately equal to
three percent of their weight. Monoculture ponds were fertilized (12-24-12) at the rate of48 kg/ha twice early in the season to initiate and maintain
algal blooms.
In 1982, mosquitofish were cultured with catfish fingerlings stocked at both 7410 and 14,820 fish/ha. Mosquitofish were also produced in
monoculture ponds stocked at the rate of 22.45 kg/ha. Allother conditions were similar to those of the 1981 experiment.
Mosquitofish were harvested according to a standardized schedule during all culture years. Each year mosquitofish were stocked at the rate
of 22.45 kg/ha. The first harvest was 60 days after initial stocking, using a 6.2-mm mesh seine. Subsequent harvests continued every 30 days thereafter
until the final harvest. Total periodic harvests averaged four per season prior to a final fall harvest.
Production of mosquitofish during the 1976-78 culture seasons averaged 225 kg/ha withsupplemental feeding (Table). In1979, mosquitofish
(reared without separate feeding) production decreased significantly to 147 kg/ha. Production ofcatfish is reported in the Table. Catfish stocking
rates were the same (2470 fish/ha) during both these periods. However, in 1980 when catfish (average weight of0.45 kg) were fed a significantly
greater amount of feed than in previous years, mosquitofish yields were 350 kg/ha as compared to 1979. Harvested buffalo and grass carp yields
are also reported in the Table.
Table. Net production

(Yields) by fish species during 1976-82 at UAPB.

Year

I

Mosquitofish
(kg/ha)

Culture condition

1976-78

Polyculture

-/225 b

1979

Polyculture

147 a

1980

Polyculture

350 c

1981

Polyculture

112 a

1981

Monoculture

427

d

1982**

Polyculture

222

b

Polyculture

255

b

Feed fed

mosquitofish
(kg)

87

—
—

Feed fed
catfish

Catfish

(kg/ha)

(kg)

465

744

1757*

747

(2470
fish/ha)
(2470
f1sh/ha)

---

Buffalo

(kg/ha)

385*

(247
f1sh/ha)

969

1557

2298

2042

3879

(7410
fish/ha)
(14.820

164

(247
fish/ha)

520

—

—

—

fish/ha)
1982

]/

**

Monoculture
Means

followed

Total

production

In 1982,

there

by

for

were

significantly

9

(30
fish/ha)

57

(30
fish/ha)

54

(30
fish/ha)

different

at

the 95% level.

two years (1979-80).
2

catfish

stocking rates

for polyculture production.
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90*

(30
f1sh/ha)

496

473 d

different letters are

(kg/ha)

1614

968

(4940
fish/ha)

---

Grass carp
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General Notes

In 1981 mosquitofish production in polyculture ponds decreased to an average of 112 kg/ha (Table), although catfish fingerling stocking
(from 2470 fish/ha in 1976-78 and 1979 to 4940 fish/ha). Monoculture yields under intensive management averaged 427 kg/ha.
rates had doubled
During 1982, mosquitofish production in polyculture ponds was 222 and 255 kg/ha at catfish stocking rates of 7410 and 14,820 fingerlings
per ha, respectively (Table). Intensive management of monoculture gambusia ponds in 1982 yielded 473 kg/ha.
Duncan's multiple range analyses revealed no significant differences inproduction ofnonfed mosquitofish at catfish fingerling stocking rates
2470 or 4940 fish/ha (Table). However, there was a significant difference in production rates between fed and nonfed mosquitofish at
of eitherstocking
rate of 2470/ha. There were no significant differences among fed mosquitofish withchannel catfish stocked at a rate of2470 fish/ha
catfish
and nonfed mosquitofish at catfish stocking rates of 7410 and 14,820 fish/ha (Table). There were no significant differences in mosquitofish
production among monoculture ponds forall years, and monoculture yields of mosquitofish are significantly greater than polyculture yields (Table).
Mosquitofish production in catfish ponds (without feeding) appeared to be related to catfish feed input. A comparison of correlation
coefficients indicates that when catfish fingerlings are stocked at low rates (2470 or 4940 fish/ha) with correspondingly low feed inputs, mosquitofish
production willbe low. Higher feed inputs, resulting from increased stocking rates of catfish and correspondingly greater poundages, increase
mosquitofish yields. However, this trend holds true only with catfish fingerling stocking rates up to 7410 fish per ha. Doubling the catfish stocking
rate to 14,820 fingerlings/ha increases mosquitofish production, but not proportionally. Generally, mosquitofish production may be increased by
supplemental feeding when catfish stocking rates are low. Mosquitofish production through monoculture resulted inthe highest yields per hectare.
For the present, polyculture production of mosquitofish as a secondary crop associated withcatfish appears to be the best approach. Market
demands are isolated and varied, although the demand is present in states with organized mosquito-abatement programs. Fish are generally
requested during early to midsummer when mosquito-control efforts are initiated. Development of mosquito-abatement district stocking programs
is needed as part of the overall effort to optimize mosquitofish usage.
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